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LIMESTONES  OF  PENNSYLVANIA 

l!v  I’en.tamix  LeKov  ^Filler 
dlAPTEK  r. 

CHARACTEIL  OKTUIX.  AND  [’SES  OE  LTMI^STOXIL 

DEFINITION 

Chemical  and  miiieralO(/ic(il  com])osHio)i. — A limestone  is  a sedi- 
mentary rock,  normally  white  to  light  gray  or  huff  in  color,  com])osed 
lirimarily  of  calcium  carbonate  I CaCOg ) and  occurring  in  the  fesrm  of 
beds  or  strata  of  considerabb*  unifonuily  and  areal  extent.  The  iise 
of  any  particular  limestone  de]icinls  almost  entirely  upon  its  chemical 
and  mineralogical  composition.  For  each  of  the  numerous  uses  a 
particular  type  of  stone  is  either  necessary  or  pi-eferablo.  The  com- 
position may  yary  from  bed  to  bed  in  the  same  quarry  or  in  certain 
places  within  the  same  bed.  Naturally  uniformity  in  the  composition 
of  the  rock  increases  its  yalue,  although  quarries  in  Pennsylvania  in 
which  two  or  more  kinds  oi'cur,  thus  necessitating  careful  sorting 
as  the  rock  is  quarried,  have  been  worked  with  protit. 

The  constitiients  of  a limestone  may  lie  either  amorphous  or 
crystalline.  If  crystalline,  the  size  of  the  jiarticles  may  be  large 
enough  to  jtermit  ready  determination  of  the  individual  minerals, 
although  this  is  unusual  exce])t  in  limestones  that  have  undergone  a 
high  degree  of  metamorphism.  In  most  cases  a microscopic  examina- 
tion of  thin  sections  or  a chemical  analysis  is  necessary  to  definitely 
determine  the  comjiosition. 

Of  the  chemical  constituents,  the  carbonates  are  most  alnindant 
with  calcium  carbonate,  or  calcite.  iiredominating.  In  some  of  the 
best  limestone  districts  of  INmusylvania  the  run-of-cpiariy  rock  will 
average  from  !15  to  !)S  per  cent  CaCt I3.  Oolomite.  CaiNIglCOgio.  is 
the  second  mineral  in  order  of  importance  and  in  eastern  and 
central  Pennsylvania  is  almost  as  common  as  calcite.  Analyses  of 
limestone  show  a variation  in  the  amount  of  magnesium  carbonate 
ranging  from  zero  to  I.j.bo  jier  cent,  the  theoi-etical  amount  present 
in  the  dolomite  molecule,  aiul  even  more  in  certain  cases  wluu-e  some 
magnesite  (MgCOg)  is  present.  Rocks  containing  from  !i:>  to  lUO 
per  cent  of  CaCOg  are  comimonly  designated  as  high-calcium  lime- 
stones, from  7 to  20  per  cent  of  IMgCOg  as  low-magnesium  limestones, 
and  from  20  to  15  ]»er  cent  IMgCOg  as  high-magnesium  limestones 
or  dolomites.  The  amount  of  MgCOg  present  in  limestone  is  of  great 
importance  in  the  economic  uses  of  the  stone,  as  discussed  on  a later 
page. 
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The  relative  amounts  of  CaCOg  and  MgCOg  i^reseut  can  be  roughly 
determined  by  the  ease  with  which  cold  dilute  hydrochloric  (muri- 
atic ) acid  produces  effervescence.  A high-calcium  or  low -magne- 
sium limestone  effervesces  vigorously  and  the  high-magnesium  varie- 
ties scarcely  at  all,  unless  the  rock  is  pulverized,  although  efferves- 
cence may  be  heard  faintly  if  the  specimen  is  held  close  to  the  ear. 

On  weathering,  a high-magnesium  limestone  becomes  chalky  white 
in  color  and  on  layers  of  different  composition  the  differences  in 
color  due  to  the  variations  in  the  amount  of  MgCOg  present  are 
striking.  In  certain  localities  the  higli-  and  low-magnesian  strata  are 
somewhat  different  in  color  in  the  unweathered  rock  with  a greater 
tendency  to  a gray  color  in  those  with  a higher  content  of  MgCO,. 
In  a region  where  the  rocks  have  been  slightly  metamorphosed  those 
beds  containing  considerable  MgCOg  are  apt  to  be  more  coarsely 
crystalline  than  the  ones  with  a lesser  amount.  These  criteria  for  the 
determination  of  the  composition  of  limestones  are  frequently  of 
value  in  field  examinations  althougli  admittedly  the  conclusions 
are  only  approximations.  Some  interesting  results  have  been  obtained 
in  the  differentiation  of  calcite  and  dolomite  in  thin  sections  or  as 
polished  slabs  by  means  of  different  kinds  of  stains.^ 

Iron  carbonate  (FeCOg)  forming  the  mineral  sideritc  is  a common 
constituent  of  limestones.  Its  almost  universal  presence  in  lime- 
stones is  indicated  by  the  invariable  red  or  yellow  color  of  the  resi- 
dual clays  formed  from  limestones.  The  coloring  matter  in  these  clays 
is  iron  oxide  resulting  mainly  from  the  decomposition  of  the  siderite, 
although  some  of  it  may  be  derived  from  pyrite.  A less  common 
iron  carbonate  is  ankerite  CaFe(C03)2,  sometimes  called  the  iron 
dolomite  because  it  is  related  in  the  same  way  to  CaCOg  as  is  dolo- 
mite. Seldom  can  siderite  or  ankerite  be  detected  in  a massive  fresh 
limestone  but  on  careful  observation  cavities  containing  crystals  of 
these  minerals  may  usually  be  found  in  limestones  in  which  they  are 
present. 

Quartz  (SiOo)  is  a fairly  common  mineral  in  limestones,  either  as 
an  original  constituent  or  developed  by  secondary  action.  When 
present  in  small  amounts  it  may  not  be  observable,  but  careful 
chemical  analysis  of  almost  any  limestone  will  show  its  presence. 
In  some  rocks  the  proportion  of  quartz  and  calcite  is  so  nearly  equal 
that  they  may  equally  well  be  termed  calcareous  sandstone  or  sili- 
ceous limestone.  Secondary  vein  (juartz  and  cpiartz  crystals  in 
cavities  are  abundaiit  in  some  of  our  Paleozoic  limestones;  the  sili- 
ceous matter  may  have  been  deinved  from  the  limestones  them- 
selves or  from  associated  rocks.  Flint  nodules  and  lenses  are  com- 
mon in  the  Cambro-Ordovician  limestones.  The  dense  black  variety 
is  most  abundant  but  in  places  it  is  almost  milky  white.  Flint 
tends  to  occur  in  lenses  ranging  from  | inch  to  5 or  6 inches 
thick  and  from  a few  inches  to  several  feet  long,  the  elongations  par- 
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allel  to  the  beddiug  ijlaues.  When  the  limestone  decomposes,  the  flint 
remains  as  part  of  the  residual  soil.  It  owes  its  origin  to  the  second- 
ary concentration  of  siliceous  material  by  underground  water  and  the 
replacement  of  the  limestone. 

The  amount  of  silica  present  in  limestone  is  of  great  economic 
signiticance,  particularly  if  it  is  desired  to  use  the  limestone  for 
fluxing  purposes,  where  a low  silica  content  is  demanded.  Often 
limestone  for  metallurgical  use  is  analyzed  for  the  silica  content 
alone. 

A number  of  silicate  minerals  besides  quartz  may  occur  in  lime- 
stone. The  most  common  are  the  hydrous  silicates  of  aluminum,  of 
which  more  than  a dozen  have  been  described.  Kaolinite  (II^Al2Si2- 
Oy)  or  (HoOjo  AL  O3  (iSiU,)^  the  principal  mineral  in  clay,  is  by  far 
the  most  common.  When  these  silicate  minerals  are  present  in  large 
quantity  the  limestone  is  designated  as  argillaceous  limestone  and 
in  still  larger  quantity  as  calcareous  shale.  Argillaceous  limestone 
is  of  special  importance  in  the  manufacture  of  Portland  cement  and 
Pennsylvania  is  fortunate  in  the  possession  of  certain  strata  in  which 
the  proportions  of  aluminous  silicates  and  calcium  carbonate  almost 
exactly  conform  to  the  requirements  for  this  purpose. 

In  those  limestones  that  have  undergone  metamorphic  action  a 
great  variety  of  silicate  minerals  may  be  developed,  but  only  the 
more  common  ones  will  be  mentioned.  The  most  abundant  one  in  the 
limestones  of  Pennsylvania  is  sericite  (called  damouinte  in  the  re- 
])orts  of  the  Second  Geological  Survey  of  Pennsylvania).  In  some 
cases  it  has  been  mistaken  for  talc.  Sericite  [HoKAl3(SiO^)3]  is 
a variety  of  muscovite  that  occurs  along  bedding  planes  of  the  lime- 
stone in  the  form  of  overla])ping  flakes  so  small  as  to  be  individually 
indistinguishable.  In  the  sunlight  the  surface  so  covered  has  a sil- 
very sheen  resembling  satin.  It  has  been  formed  from  argillaceous 
materials  liy  the  process  of  dynamic  metamorphism  and  is  especially 
prominent  in  the  more  highly  argillaceous  limestones.  The  Cambro- 
Ordovician  kmestones  of  eastern  and  central  Pennsylvania  contain 
much  sericite. 

Treniolite  [CaMgat  SiO^g]  is  a colorless  fibrous  mineral  common 
in  the  pre-Cambrian  limestones  of  the  State,  especially  in  those  near 
Kaston.  It  is  a metcmorjihic  mineral  and  is  present  only  in  those 
limestones  that  have  undergone  intense  metamorphism.  It  is  formed 
trom  siliceous  magnesian  limestone.  In  certain  places  it  constitutes 
the  major  part  of  the  rock.  On  decomposing  it  forms  talc,  serpentine, 
and  calcite.  all  of  which  minerals  are  well  developed  in  the  Easton 
locality. 

Garnets  are  apt  to  be  developed  where  limestone  has  been  intruded 
by  igneous  material.  In  Pennsylvania  we  have  few  occurrences  of 
these  contact  metamorphic  minerals.  The  best  example  is  in  the 
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Cornwall  iron  ore  mines  where  a diabase  dike  has  intruded  a com- 
pact dolomitic  limestone.  In  one  part  of  the  mine  garnets  of  the 
andradite  [Ca3Fe2(Si04)3]  variety  are  occasionally  found. 

Small  crystals  of  both  orthoclase  and  plagioclase  feldspars  have 
also  been  noted  in  the  limestone,  especially  in  the  metamorphic 
varieties.  Clarke-  gives  a long  list  of  minerals,  mainly  silicates,  that 
may  develop  in  metamorphic  limestones.  Among  them  are  scapolite, 
wollastonite,  epidote,  corundum,  ruby,  magnetite,  hematite,  vesuvia- 
nite,  zoisite,  gehlenite,  biotite,  phlogopite,  i^ericlase,  brucite,  for- 
sterite,  olivine,  enstatite,  hyperstheue,  numerous  amphiboles  and 
pyroxenes,  apatite,  fluorite,  rutile,  titanite,  etc.  A number  of  these 
have  been  identilied  in  the  highly  metamorphosed  pi*e-Cambrian 
limestones  of  the  State  but  in  amounts  so  small  as  to  be  of  little  im- 
portance except  to  mineralogists. 

Graphite  in  thin  Hakes  is  abundant  in  the  i)re-Cambrian  metamor- 
phosed limestones  of  the  State  but  unlike  someAvhat  similar  Can- 
adian occurrences  has  never  been  utilized.  Instead  the  graphite 
production  of  Pennsylvania  has  all  been  derived  from  graphitic 
schists  or  gneisses  which  are  so  intimately  associated  Avith  these 
limestones  in  several  places  that  they  are  regarded  as  a single  for- 
mation. The  graphite  particles  seem  to  have  been  formed  by  the  meta- 
morphosis of  carbonaceous  matter  originally  present  in  the  sediments. 

Among  the  sulphides  in  limestone,  pyrite  (FeSa)  is  the  most  com- 
mon. Practically  all  of  the  sulphur  in  limestone  is  combined  with 
iron  as  pyrite.  In  argillaceous  limestone,  sulphur  may  be  abundant 
and  easily  recognized  but  in  the  purer  limestones  it  may  not  be  observ- 
ed even  though  a chemical  analysis  shoAvs  its  presence.  On  the  other 
hand,  occasional  cubical  crystals  and  nodules  of  pure  pyrite  an  inch 
or  more  in  diameter  have  been  found  in  some  of  the  compact,  mas- 
sively-bedded dolomitic  limestones.  Galena  (PbS),  sphalerite  (ZnS), 
and  chalcopyrite  (CuFeS)  have  been  found  in  our  limestones,  mainly 
in  calcite  veins,  although  in  places  as  rei)lacemeut  minerals  Avithin 
the  limestone  strata.  At  Friedensville,  Lehigh  County,  sphalerite 
ores,  oxidized  to  calamine  near  the  surface,  occurring  both  as  veins 
and  replacement  bodies  Avith'n  the  BeekmautoAvn  limestone,  have 
been  extensively  Avorked  and  at  Bamford,  Lancaster  County,  and  Bir- 
mingham, Blair  County,  both  sphalerite  and  galena  ores  are  develop- 
ed and  have  been  mined.  The  same  minerals  have  been  found  in 
several  other  limestone  areas  of  the  State  but  in  insignificant 
amounts. 

Fetid  limestones,  commonly  called  “stink  stone”  because  of  the 
odor  produced  Avhen  the  stones  are  struck,  are  fairly  common.  The 
ordor  is  that  of  hydrogen  sulphide  (ILS)  Avhich  seems  to  be  present 
as  a gas  in  the  limestones,  and  has  probably  been  derived  from  the 
decomposition  of  some  organic  matter. 


^Clarke,  F.  W.,  Data  of  Goocliemistry.  U.  S.  Geol.  Surv.  Bull.  G16,  pp.  620-623,  1910. 
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Color. — A pure  limestone  or  dolomite  should  lie  ])erfeetly  white,  but 
actually  nearly  all  are  colored  by  certain  impurities.  The  color  is 
almost  entirely  a result  of  the  chemical  constitution  of  the  stone 
although  the  physical  characteristics  such  as  variations  in  porosity, 
size  of  grain,  and  degree  of  crystallinity  may  have  some  effect.  The 
iron  oxides,  hematite,  tui-gite.  limonite.  and  gbthite,  produce  the 
various  shades  of  buff,  yellow,  jiink,  and  e^veui  re<l,  ami  carl)cmaceous 
matter  is  responsible  for  the  blue,  gray,  and  even  black  colors.  The 
iron  oxide  colors  are  permanent  but  those  due  to  carbonaceous  ma- 
terials will  slowly  disappear  by  oxidation  if  ex[)0.sed  to  the  action  of 
the  atmosphere.  It  is  a very  common  observation  that  limestones 
become  whiter  on  exposure  and  the  beds  at  their  outcrop  are  in  most 
cases  whiter  than  they  are  beneath  the  cover  of  soil  and  other 
strata. 

Changes  of  c(dor  of  this  kind  are  not  objectionable  and  do  not 
unlit  a stone  for  structural  purposes.  But  limestone  containing 
pyrite  (or  perhaps  marcasite)  is  a})t  to  weather  in  unsightly  blotches 
due  to  the  formation  of  limonite. 

When  both  iron  comi)ounds  and  carbonaceous  matter  are  itresent 
in  a limestone,  the  iron  is  apt  to  exist  as  light-colored  or  colorless 
ferrous  compounds.  If  by  oxidation  the  carl)onaceous  substances 
are  removed  the  iron  jiasses  into  the  ferric  condition  and  the 
stone  becomes  buff,  yellow,  or  reddish,  depending  upon  the  particular 
compound  formed  and  the  amount  present.  These  changes  are  most 
noticeable  in  very  dark  limestone. 

Hardness. — The  hardness  of  a rock  depends  upon  the  hardness  of 
the  individual  mineral  particles  comj)osing  it  and  u])on  the  amount 
and  character  of  the  cementing  material.  Limestone  is  com]>osed 
primarily  of  calcite  with  a hardness  of  o in  IMoli's  scale  of  hardness, 
in  which  minerals  are  classilied  on  a scale  of  1 to  10.  Dolomite 
is  slightly  harder  ranging  from  3. .5  to  4.  Both  are  scratched  readily 
by  a knife  or  a piece  of  glass  but  cannot  lie  scratched  with  the  linger 
nail. 

The  cementing  material  for  jiractically  all  our  limestones  is  either 
calcium  or  calcium-magnesium  carbonate  with  the  hardness  of  cal- 
cite or  dolomite.  The  amount  varies  from  almost  zero  in  which  the 
pore  spaces  are  so  numerous  that  the  rock  can  be  crumbled  in  the 
hand  to  compact  rock  with  almost  no  pore  space.  Most  of  the  lime- 
stones of  Pennsylvania  are  ffrmly  cemented,  as  are  the  older  lime- 
stones generally  in  all  parts  of  the  world. 

Texture. — The  texture  of  a stone  depends  ujion  the  size,  sliajie  and 
degree  of  crystallinity  of  the  individual  particles  and  also  upon  the 
quantity  of  the  cementing  material.  We  have  line-grained  compact 
limestones  in  which  the  naked  eye  cannot  detect  any  individual  part- 
icles and  the  rock  breaks  under  the  hammer  with  a conchoidal  frac- 
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ture  almost  as  perfect  as  in  glass.  This  type  is  represented  in  a 
nninber  of  the  Coal  Measures  limestones  in  the  western  part  of 
the  State.  In  other  cases  the  particles  are  coarser  and  on  a 
weatliei'ed  surface  appear  mnch  like  rcnighened  grains  of  sand.  The 
cementing  material  may  be  delicient  and  the  rock  so  porous  that  it 
gives  forth  a hollow  sound  when  struck.  The  stone  may  be  a mass 
of  angular  fragments  of  fossil  shells  either  feebly  or  firmly  cemented 
together  by  calcium  carbonate.  Excellent  exam])les  of  this  type  are 
found  in  the  Ames  and  Greenbrier  limestones. 

The  particles  may  be  spherules  formed,  of  concentric  layers  of 
calcium  carbonate.  If  these  i)articles  are  small  the  rock  is  called 
oolite  because  of  its  resemblance  to  lish  roe,  or  pisolite  if  larger. 
Oolites  are  common  in  the  Cambro-Ordovician  limestones  of  the  State 
and  occasionally  idsolites,  with  the  individual  spherules  the  size  of 
small  2)cas,  are  also  observabhc 

In  the  Cambro-Ordovician  and  Triassic  strata  of  Pennsylvania, 
there  are  some  limestones  coni{)osed  of  rounded  to  angular  fragments 
of  still  earlier  limestone  deposits  bound  together  by  a calcareous 
cement.  If  the  fragments  are  rounded  we  designate  the  rock  as  a 
limestone  conglomerate  and  if  angular  as  a limestone  breccia.  The 
fragments  vary  greatly  in  size  in  the  same  rock  and  in  places  range 
u[)  to  one  foot  or  more  in  diameter. 

As  originally  de2)Osited  limestone  may  be  either  amorphous  or  cry- 
stalline, but  in  Ihe  older  limestones  of  the  State  Ave  noAV  find  all  the 
mateiial  in  the  crystalline  condition  oAving  to  the  great  amount  of 
comiU'esslon  and  heating  that  they  have  ex|)erienced'  by  the  mountain- 
building forces  that  Avere  so  active  during  the  ])re-Cambrian  and  at 
the  close  of  the  Ordovician  and  I'ermian  ]>eriods.  Tf  the  crystalline 
grains  ai'e  small  and  not  ])articularly  noticeable  avc  commonly  re- 
tain the  name  limestone,  bnt  if  coai'ser  the  rock  is  called  marble. 

t^tructure. — The  structures  of  rocks  affect  their  economic  utiliza- 
lion.  Limestoiu's,  as  indetal  ;ill  sedimentary  rocks,  are  found  as  beds 
or  strata  with  great  lateral  extent  in  com]iarison  Avith  their  thick- 
ness. They  are  said  to  be  stratihed  or  Ixalded.  II  is  not  unusual  for 
a limestone  bed  to  extend  for  lifteen  or  twcuity  miles  Avith  scarcely 
any  aj»]>reciable  change  in  its  jdiysical  chai'acter  or  thickness.  Some 
of  the  (i"arbonife,rous  linu'stones  of  the  State,  as  for  example  the 
Aiu(‘s,  Greenbrier,  and  Vanport,  can  lu*  traced  by  outcro2)S  and  bor- 
ings for  upAvards  of  a liundred  miles  Avith  only  slight  variation  in 
characteristics. 

Limestone  occurs  both  in  thin  and  in  thick  oi-  massive  beds.  The 
thinner  ones  resemble  shales  and  are  commonly  called  shaly  lime- 
stone though  they  may  be  highly  calcareous.  In  general,  argillaceous 
limestone  is  1hin  bedded,  the  individual  beds  seldom  more  than  one 
inch  thick ; the  purer  limestone  and  dolomite,  in  most  places,  occur 
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in  beds  ranginjj;  from  G inches  to  a f<*w  fe(*t.  seldom  more  than  5 feet 
thick ; and  the  arenaceous  limestones  art*  a])l  to  he  massively  bedded 
in  some  places  ten  to  twenty  feet  thick. 

In  many  places  in  the  State  limestone  beds  show  lint*s  or  laminae 
of  cross-bedding  or  cross-stratilication.  These  lines  are  at  a decided 
angle  to  the  planes  separating  the  beds,  a condition  that  can  result 
only  where  there  are  shifting  currents  in  shallow  water,  ('ross-bed- 
ding  is  characteristic  of  arenaceous  limestone,  s\ich  as  the  Loyal- 
hanna  in  Westmoreland  Comity,  but  it  is  not  eontined  to  it,  as  nuni(*r- 
ous  fairly  pure  limestones  of  Camhro-Ordovician  age  are  distinctly 
cross-bedded. 

In  many  jilaces  the  npiier  surface  of  limestone  h(‘ds  shows  distinct 
ripple  marks,  alternating  ridges  and  shallow  troughs  or  grooves 
produced  hy  waves  when  the  limestone  was  an  unconsolidated  ooze 
or  tine  calcareous  sediment. 

Mud  cracks  or  sun  cracks  such  as  are  commonly  seen  where  a de- 
posit of  mud  is  exposed  to  the  drying  action  of  the  sun,  ai-e  not  rare 
in  the  limestones  of  Pennsylvania.  They  indicate  that  the  uncon- 
solidated calcareous  sediments  were  at  times  exj»osed  at  low  tide. 
Small  pits  produced  by  rain  drops  have  also  been  preserved. 

The  Cambro-Ordovician  limestones  contain  numerous  beds  of  edge- 
wise or  intraformational  conglomerate  or  breccia,  a ])eculiar  stone 
composed  of  thin  flakes  of  limestone  many  of  which  stand  on  edge 
or  are  tilted  at  various  angles  to  the  bedding  plane  and  tirnily  ce- 
mented by  calcareous  matter.  Uu  a freshly  fractured  surface  the 
conglomerate  character  of  the  rock  may  not  he  noticeable  but 
weathering  removes  the  cementing  material  with  greater  ease  and 
the  fragments  stand  out  in  striking  contrast  to  the  normal  lime- 
stones. Their  origin  has  lK‘(‘n  explaiiu'd  in  different  ways  stich  as 
(1)  by  submarine  slipidng  or  sluni])ing  and  conse(pient  breaking  of 
the  thin  layers  of  i>artly  induiated  ooze,  (2)  lyv  the  action  of  the  sun 
drying  the  exposed  sediments  at  low  tide  and  causing  the  thin  sur- 
face layers  to  break  loose  and  curl  u]>  and  to  be  later  transported 
and  piled  up  by  wind  or  wave  action  and  (G)  by  wave  action  in  shal- 
low 'waters  breaking  the  thin  layei's  of  st'diments  that  had  become 
cemented  by  calcareous  matter  or  hai-dened  by  setting.  These  are 
the  more  usual,  l)ut  l>y  no  means  all  the  exjtlanations  offered  tor  these 
interesting  structures. 

The  limestones  of  IN*imsylvania  contain  many  tine  exainj)les  of 
stylolites  although  not  develojied  t(»  the  same  extent  as  they  are  in 
the  famous  T('nnessee  marble  or  the  ('arthage  (^lissourii  mai-ble. 
Stylolites  are  zig-zag  lines  resembling  the  sutures  between  the  bom*s 
of  the  skull,  and  roughly  ]»arallel  to  the  bedding  ]»lanes  of  tin*  stone. 
They  are  of  secondary  origin  and  have  never  been  satisfactorily  ex- 
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plained;  ])robal)ly  tliey  are  caused  by  unequal  solution  and  subse- 
quent adjustment  of  flie  material  witliin  the  bed  I)y  small  faults. 

Joints  are  the  cracks  or  lissures  at  approximate  right  angles  to 
the  bedding  planes  by  which  the  beds  are  broken  into  blocks.  In 
limestones  they  may  be  produced  by  shrinkage  due  to  loss  of  mois- 
ture (desiccation),  by  folding  causing  the  rocks  to  break  under  ten- 
sion, or  by  compression  (also  the  resiilt  of  deformation)  of  the 
strata.  The  joints  are  normally 'in  more  or  less  parallel  series  and 
commonly  two  series  approximately  at  right  angles  to  each  other 
break  the  rocks  into  rectangular  Idocks.  In  this  case  if  the  joints  are 
not  too  close  together  it  is  easy  to  secure  blocks  for  building  x)ur- 
poses  that  require  little  dressing.  Many  of  the  limestones  of  the 
State  are  so  closely  jointed  that  building  stones  cannot  be  obtained. 
In  a quarry  a few  miles  northwest  of  Lancaster  the  rock  is  broken 
by  jointing  into  such  small  fragments  that  a steam  shovel  is  operated 
without  any  preliminary  blasting. 

Although  the  limestones  were  originally  laid  in  practicallj'  hori- 
zontal layers  they  are  now  much  folded  and  broken.  The  folds  are 
of  all  sorts  and  in  places  the  strata  have  been  broken  and  the  parted 
edges  displaced.  These  breaks  are  called  faults.  In  Pennsylvania 
the  largest  known  faults  displaced  the  strata  as  much  as  3,000  feet. 
The  folding  and  faulting  are  especiallj'  complex  east  of  the  Alle- 
gheny Front  where,  by  a great  amount  of  compression,  the  strata 
in  places  have  been  folded  into  half  or  less  than  half  the  space  they 
originally  occupied.  ITate  VI II  (p.  112)  gives  some  idea  of  the  com- 
plexity of  these  folds. 

In  central  Pennsylvania  the  folds  and  faults  make  it  difficult  to 
quarry  any  particular  bed  for  any  considerable  distance  or  to  work 
it  far  from  the  outcrop  because  the  normal  steep  dips  carry  the  beds 
to  depths  that  cannot  be  proiitably  worked.  On  the  other  hand  in  the 
western  part  of  the  State  the  outcrops  of  certain  beds  of  limestone 
are  nearly  horizontal  and  can  readily  be  traced.  The  more  persis- 
tent limestone  beds  there  form  excellent  horizon  markers  in  locating 
the  low  anticlinal  structures  that  are  so  important  as  reservoirs  in 
the  accumulation  of  oil  and  gas. 

ORIGIN  OF  LIMESTONE. 

In  a discussion  of  the  origin  of  limestone  it  is  necessary  to  account 
for  the  i»rimary  origin  of  calcium  and  magnesium  carbonate  and  for 
their  concentration  or  segregation.  In  some  igneous  rocks  there 
seems  to  be  evidence  of  the  jiresence  of  calcium  carbonate  as  a 
primary  mineral,  but  only  in  small  amounts.  The  great  amount  of 
it  now  present  in  the  limestone  strata  or  in  solution  in  bodies  of 
fresh  and  salt  water  is  certainly  of  secondary  origin  and  formed  by 
the  action  of  water  containing  carbon  dioxide  on  the  calcium-bearing 
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minerals  of  the  igneons  rocks.  Calcium  carbonate  taken  into  solu- 
tion has  been  carried  into  the  streams  and  oceans  wliere  it  is  almost 
universally  present.  IMagnesinm  carbonate  is  formed  in  a similar 
manner.  Limestone  and  dolomite  are  formed  by  the  deposition  of 
these  materials  from  solution. 

Limestone  owes  its  direct  origin  in  most  cases  to  the  action  of 
organic  life.  However,  the  same  substances  may  be  precipitated  from 
solution  by  chemical  pi'ocesses  in  no  way  de]»endent  upon  organisms 
and  some  limestone  has  undmd»t(‘dly  been  so  formed.  Limestones 
are  frequently  classilical  v ith  reference  to  origin  into  marine  and 
fresh  water  types  and  in  this  report  \\  ill  be  so  designated.  This  has 
practical  importance  because  of  the  greater  uniformity  and  wider 
areal  distribution  of  the  marine  strata.  In  the  following  ])aragraph 
the  organic  and  inorganic  agencies  in  the  formation  of  limestone 
are  discussed. 


Organic  Agencies. 

A wide  variety  of  animals  and  i»lants  is  concerned  in  the  formation 
of  limestone.  These  include  all  grmq)s  that  possess  the  ability  to 
extract  calcium  carbonate  from  solution  and  to  build  it  into  their 
structures  as  internal  or  external  skeletons  or  to  cause  its  precipi- 
tation by  chemical  changes  consequent  upon  their  life  activities, 
Among  animals  the  important  groujts  are  the  mollusca  (gastropods, 
pelecypods,  cephalojtods,  and  ])tero])ods  | , brachiopods,  crinoids, 
bryozoa,  corals  and  foraminifera.  The  important  plant  groups  are 
the  algae  and  bacteria.  Limestone  largelj’  composed  of  the  remains 
of  the  nndlusca  and  brachiopods,  is  termed  “shell  limestone”,  those 
in  which  the  crinoids,  corals,  or  foraminifera  are  abundant  and 
easily  recognizable  are  known  as  “crinoidal”,  “coralline”,  or  “fora- 
miniferal”  limestone.  Some  limestones  are  named  for  a ])articularly 
abundant  fossil,  such  as  the  “fusulina  limestone”,  named  for  a genus 
of  foraminifera  that  lived  in  ga-eat  numbers  in  the  Carboniferous 
period  in  certain  seas. 

Clarke  and  WheeleC  have  made  analyses  of  a number  of  marine 
invertebrates  possessing  calcareous  ])arts  and  thus  capable  of  form- 
ing limestone  liy  their  accumulation.  The  following  table  sum- 
marizes their  results. 

^(.’hirko,  F.  AV.  and  Whet'ler.  AV.  C’.,  Tho  Inorjianic  constituents  of  marine  iiivertoljratesi; 
TJ.  S.  Geol.  Survey,  Prof.  I’aper  No.  102,  Washington,  1917. 


Inorganic  Constituents  of  Marine  Invertchrates. 
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Fossil  ci'iiioids  were  found  in  nddition  to  contain  from  none 
to  2.21  per  cent  FeCO,,  averaging  0.82,  and  from  none  to  0.2G  jier 
cent  iMnCOg,  averaging  O.US. 

Tlie  ab.sence  of  recognizable  oi'ganic  launains  in  limestone  must  not 
be  assumed  as  evidence  of  its  inorganic  origin.  Shell  and  coral 
fragments  may  be  reduced  to  tine  grains  by  the  action  of  waves  and 
tides.  Again,  all  traces  of  the  oi'ganisms  may  be  destroyed  by 
secondary  changes  sucli  as  ci'ystallization  and  dolomitization.  Most 
of  our  marbles,  especially  the  coarse-grained  varieties,  ju’esent  no 
indication  of  fossils  although  there  may  be  evidence  that  they 
probably  were  formed  from  highh'  fossiliferous  strata. 

Part  of  the  calcium  carbonate  of  the  calcareous-secreting  organ- 
isms exists  in  the  form  of  calcite  and  part  as  aragonite.  In  some 
shells  these  minerals  form  alternating  layers.  Aragonite  is  less 
stable  and  after  the  death  of  the  organism  tends  to  pass  into 
solution  or  change  to  calcite  so  that  it  is  of  little  importance  in 
our  present  limestones,  ('lark  and  Wheeler*  state  that  their  analy- 
ses of  the  marine  invertebrates  and  calcareous  algae  show  that  tho.se 
groups  with  aragonite  skeletons  are  almost  completely  non-mag- 
nesian. 

Foraminifem. — The  foraminifera,  long  recognized  as  inii)ortant 
rock  builders,  are  small  animals  that  secrete  calcareous  skeletons 
of  great  variety  in  size,  shape  and  structure.  Most  of  them  are 
smaller  than  the  head  of  a })in,  although  varieties,  such  as  the 
NunimuJitcs  (jf  Europe,  xVfrica,  and  Asia  are  tlat  disk-like  bodies 
ranging  in  size  to  more  than  an  inch  in  diameter  and  are  almost 
the  only  form  in  certain  thick  limestone  strata.  The  chalk  deposits 
of  England,  France  and  Pelgium  are  mainly  composed  of  small 
foraminiferal  shells:  certain  limestones  of  Carboniferous  age  in  this 
country  are  constituted  in  great  part  of  a genus  called  Fusuliua ; and 
at  i»resent  foraminiferal  rtmiains  in  which  the  genus  Globigerina 
predominate,  cover  almost  30  per  cent  of  our  ocean  basins. 

Sponges. — Certain  s])onges  having  calcareous  spicules  or  skeletons 
have  contributed  considera.ble  matcu-ial  locally  iu  the  formation  of 
limestones. 

Corals. — In  the  warm  shallow  marine  waters  coral  life  is  abundant 
and  coral  reefs  are  in  ju’oeess  of  steady  growth.  Early  in  the  develop- 
ment of  life  on  the  earth,  reef-l)uilding  corals  had  a much  wider  dis- 
tribution than  now.  Some  1)eds  of  limestone  in  Pennsylvania  are 
com])osed  almost  entii-ely  of  coral  remains.  Near  Ilollidaysburg  a 
limestone  quarry  is  being  worked  in  one  of  these  old  coral  reefs. 

II gdroUls. — The  Paleozoic  limestones  of  Pennsylvania  contain  nuiTiy 
si)eciniens  of  Stromatopora,  a hydrocoralliue  member  of  the  Ilydrozoa. 
Heads  of  this  form  up  to  10  feet  in  diameter  have  been  found.  The 


“Op.  cit. , p.  52. 
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mass  is  composed  of  thin  concentric  layers  that  resemble  the  algae 
Cryptozoon  described  on  a later  page  bnt  showing  distinctive  strnc- 
tnres  on  closer  examination. 

Crinoids. — Of  the  large  group  of  the  Echinodermata  there  are  many 
calcareous  shelled  varieties  belonging  to  Ihe  cystoids,  blastoids, 
crinoids,  star  fishes  and  echinoids  but  only  the  crinoids  constitute 
any  considerable  part  of  limestojies.  The  crinoids,  called  sea  lilies 
or  rock  lilies  because  of  tlieir  resemblance  to  plants,  are  composed 
of  calcareous  plates  that  in  most  cases  become  separated  in  the  de- 
composition of  the  organic  portions  of  the  animals.  So  numerous 
were  they  in  some  of  the  Paleozoic  seas  that  limestone  beds  in  many 
places  are  almost  entirely  composed  of  the  flat  hollow  disks  that 
formed  their  stems.  They  are  abundant  in  the  limestones  of  this 
State. 

Bryozoa. — The  bryozoa,  with  coral-like  structures  of  extremely 
great  variety,  are  common  fossils  in  the  limestones  of  the  State  and 
have  contributed  materially  in  their  formation.  Small,  branching, 
tree  like  varieties  and  Hat,  fan-shaped  forms  with  numerous  openings 
are  most  common. 

Brayhiopods. — In  the  Pahmzoic  seas  these  bivalve  shelled  animals 
sometimes  mistaken  for  mollusks,  lived  in  great  numbers  and  variety 
and  are  the  most  common  fossils  recognized  in  our  limestones. 
Q'heir  shells  are  in  better  state  of  preservation  than  most  of  our 
fossils  and  thus  readily  recognized.  They  are  important  rock  build- 
ers, although  it  must  be  admitted  that  most  of  the  specimens  found 
in  Pennsylvania  are  casts  or  moulds  in  the  Shales. 

Mollusca. — The  shelled  mollusca,  Pelcypods  (clams,  etc.)  Gastro- 
pods (snails,  conchs,  etc.),  Cephalopods  (scpiids,  cuttle  fish,  etc.), 
Scaphopods,  and  Amphineura  (chitons)  have  existed  since  the  early 
Paleozoic  in  great  numbers.  They  lived  mainly  in  shallow  water 
and  their  shells  have  been  tossed  into  j)iles  or  broken  by  the  waves 
of  the  ocean.  Tlie  accnmulations  com])acted  into  limestone  have 
been  found  locally  in  every  geologic  period. 

Other  animat  f/roups. — Kemains  of  other  animal  groups  are  found 
in  our  limestone,  but  exce])t  locally  are  insignificant  parts  of  the 
rock.  Among  these  are  Avorms  that  secrete  calcareous  tubes  in 
which  they  live,  various  crustaceans,  and  the  great  division  of  verte- 
brates. 

Algae. — The  agency  of  jdants  in  the  formation  of  calcareous  de- 
])osits  has  been  minimized  in  the  past  but  we  are  now  convinced 
that  they  have  been  of  extreme  ini])oi'tance  and  in  many  places  have 
contributed  more  to  the  de])Osition  of  limestone  than  have  animals. 
Although  a number  of  ])lants  are  kmnvn  to  poss(‘Ss  the  ability  to 
precipitate  calcium  and  magnesium  carbonates  from  solution  the 
algae  and  bacteria  seem  to  be  the  most  important. 
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The  algae  thus  far  investigated  include  both  fresh  and  salt  Avater 
forms  whereas  the  known  bacteria  with  this  power  are  all  marine. 
The  fresh  water  calcareous-secreting  algae  have  been  studied  by 
many  botanists  and  geologists  largely  because  of  the  economic  im- 
jmrtance  of  the  deposits  formed  by  them.  In  Xew  York,  [Michigan, 
Indiana  and  to  a lesser  degree  in  other  States  bog  marl  or  bog  lime 
has  long  been  dug  or  dredged  from  existing  or  extinct  glacial  lakes 
and  utilized  in  the  manufacture  of  Tortland  cement  and  lime,  or  for 
fertilizing  the  soils.  The  investigation  of  the  marls  of  [Michigan® 
proved  conclusively  that  the  fresh-water  Cham  ( StoneAvort ) Avere 
mainly  resjtonsible  for  the  deposits  although  some  of  the  blue-green 
algae  likcAvise  Avere  agents  of  precipitation.  Tlie  latter  commonly 
form  ellipsoidal  jtebbles  Avith  concentric  radial  arrangement.  Prob- 
ably other  Avater  plants  are  also  concerned  in  the  formation  of  marl 
but  to  a lesser  degree. 

The  algae  investigated  precipitate  the  calcareox;s  material  in  their 
stems  and  these  plant  structures  have  been  detected  throughout  the 
marl  deposits  of  Michigan.  They  have  also  been  recognized  in  some 
of  the  Tertiary  limestones  underlying  Paris. 

The  deposits  of  algal  marl  in  Pennsylvania  have  received  little 
attention  as  yet  but  are  knoAvn  to  exist  in  a feAv  places.  In  Centre 
County  some  marl  of  this  kind  has  been  dxig  for  fertilizer.  The 
chief  interest  to  xis  in  this  type  of  calcareous  sediments  is  that  it 
suggests  a probable  origin  of  the  compact,  structureless  fine-grained, 
fresh-Avater  limestones  of  tlie  xxpper  Coal  Measxxres  of  the  Avesterxi 
part  of  the  State.  These  are  xnainly  noxx-fossiliferoxxs  although  soxixe 
of  them  contain  a fcAv  fresh-Avater  shells  jxxst  as  do  the  Michigaxi 
marls. 

Fresh-Avater  algae  are  also  presexit  in  sti-eauis  and  springs.  The 
thick  deposits  of  tx’avertixie  about  the  Maxximoth  Hot  Springs  of 
YelloAvstone  Pax'k  OAve  their  origixi  xxxainly  to  the  actioix  of  algae, 
some  of  Avhich  are  alile  to  live  ixx  Avater  near  the  boiling  texnperatxxx-e. 

Marine  calcareous  algae,  commonly  called  Yullipores,  are  knoAvn 
to  be  of  the  greatest  sigxiilicance  in  the  forxxxatioxx  of  lixnestoxie. 
Thex’e  are  several  kinds,  foremost  of  Avhich  ax’e  Lithothaxxxnixxxxx,  Hali- 
meda,  Diplopora,  Cox’allina,  etc.  Tlxese  Avex'e  loxxg  knoAvn  to  be 
prominexit  ixx  the  formatioxi  of  coral  reefs  but  xxoav  it  seems  that  in 
many  cases  they  have  coxxtributed  even  xuore  to  these  strxxctures  thaxi 
the  corals.®  The  Triassic  doloxnites  of  the  Tyrolean  Alps  ax-e  said  to 
have  been  formed  xnainly  through  the  agency  of  algae.  In  the  LoAver 
Cambriaxi  of  this  State  Ave  find  abundaixt  examples  of  calcareous 
algae. 

^Davis,  C.  A.,  Lane,  A.  C.,  Hale,  D.  J.,  Marl  (Bog  Lime)  ; Geol.  Surv.  Mich.,  Vol.  8, 
rt.  Lansing,  190;>. 

®Ho-\ve,  M.  A.,  The  building  of  coral  reefs:  Science,  New  Ser.  Vol.  35,  pp.  837-842,  1912. 
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Cryptozoon  proUfeni ni. — These  form  a large  ])art  of  the  strata  in 
many  places  in  the  Jjethlehem  region.  It  is  not  im[)rohahle  that  other 
forms  of  calcareons  algae  whose  strnctures  were  less  favorable  for 
preservation  may  likewise  have  contribnted  to  the  formation  of  (»nr 
Paleozoic  limestones. 

As  shown  in  the  analyses  of  Clarke  and  Wheeler  on  a j)receding 
l)age,  the  strnctnres  of  the  marine  calcareons  algae  are  highly  mag- 
nesian and  this  may  largely  acconnt  for  the  abnndance  of  dolomite 
or  rich  magnesian  limestone  of  the  Cambrian  and  Ordovician  strata 
of  the  State. 

Iktctcria. — In  recent  years  considerable  information  has  been  ob- 
laimal  concerning  the  work  of  bacteria  in  the  precipitation  of  calcinm 
earbonat(*  from  the  ocean  waters,  and  it  is  now  generally  believed  that 
many  of  onr  non-fossiliferons  limestones  owe  their  origin  to  bacterial 
})rocesses. 

In  some  of  the  mnds  near  the  Ilahama  Islands  and  the  Florida 
Keys,  Drew"  f(nind  l(!0,(l00,000  s])ecimens  of  Bacterium  calcis  (later 
deteiniim-d  to  be  P.sradomojias-  caicis.^)  per  cubic  centimeter  and  con- 
cluded that  the  tine  calcareons  deposits  of  those  regions  had  been 
largely  formed  thi'ongh  their  activities.  One  method  described  by 
Kellerman  and  Smith  is  the  formation  of  ammonia  by  the  decomposi- 
tion of  proteids  or  by  the  r(‘diiction  of  nitrates  to  nitrites  and  to 
ammonia  and  the  further  formation  of  ammonia  carbonate  by  re- 
action with  carbon  dioxide  jnoduced  l>y  i)iants  or  animals.  In  the 
presence  of  CaS04  or  its  ionized  constituents,  the  following  re- 
action would  take  ])lace:  CaSO^-l- ( XII^ ) J 'U:4=*r''a(j'(  I.,-!- (^1-14)2804. 
Vanghan®  la-ports  that  these  denti'ifydig  bacteria  jn’ecipitate  the  cal- 
cinm carbonate  largely  as  aragonite*  and  that  it  frequently  tends  to 
form  small  balls  or  sph(*rnh*s  that  by  accre'tion  become  oolite  grains, 
lie  leelieves  that  “all  marine  oolites,  originally  composed  of  calcinm 
carbonate,  of  whatever  geologic  age.  may  conlidently  be  attribnted  to 
this  process.” 

Before  the  investigation  of  Drew,  Vanghan,  Kellerman  and  Smith, 
Daly^“  had  formnlated  a hy])othesis  to  the  effect  that  in  the  pre- 
Cambrian  and  early  I’aleozoic  seas  the  organic  matter,  both  plant 
and  animal,  collected  on  the  ocean  bottoms  and  there  decomposed, 
forming  ammonium  carbonate  that  i-eacted  with  the  calcinm  and  mag- 
nesinm  solutions  to  form  ])recij)itates  of  calcite  and  dolomite.  Until 
the  ajipearance  of  the  fishes  there  were  few  scavengers  living  near 
the  bottom  and  feeding  on  the  decaying  organisms  there  accnmulating 

‘Drew.  G.  II..  On  the  precipitation  of  ralchim  carbonate  in  the  sea  by  marine  bacteria:  Carnegie 
Institution  of  Washington,  Publication  18-,  pp.  7-45,  101.4. 

^Kellerman,  K.  F.  and  Smith,  N.  It.,  Bacterial  precipitation  of  calcium  carbonate:  Jour. 
Wash.  Acad.  Sci.  Vol.  4,  pp.  400-402.  .1014. 

^Vaughan,  T.  W.,  I’reliininary  remarks  on  the  geology  of  Hie  Bahamas,  with  special  refer- 
ence to  the  origin  of  tlie  Bahaman  and  Floridian  oolites:  Carnegie  Institution  of  Washington 
Publication  182,  pp.  47-54,  1914. 

i^Daly,  R.  A.,  First  calcareous  fossils  and  the  evolution  of  the  limestones:  Bull.  Geol. 
Soc.  Amer.  Vol.  20,  pp.  153-170,  1909.  The  limeless  ocean  of  pre-Cambrian  time:  Amer. 
Joui-.  Sci.  4th  Ser.  Vol.  23,  pp.  93-115,  1907. 
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so  that  this  agency  was  iesj)onsible  fur  “a  large  part,  if  not  all,  of  the 
j)re-Cainbrian  linu'stones  and  dolomites,  but  as  well,  the  limestones 
and  dolomites  of  the  early  I’aleozoie  formations.  This  ])reeii»itation 
grew  slower  in  [)roiiortion  to  the  development  of  the  fishes  and  other 
efficient  bottom  scavengers.  When  tin*  scavenging  system  became 
well  established  calcium  salts  could,  for  the  tirst  time,  accumulate  in 
the  ocean  water  in  excess  of  the  needs  of  the  lime-secreting  organ- 
isms. Thereafter  the  marine  limestones  have  been  largely  formed 
from  the  debris  of  the  hard  parts  of  animals  and  plants.” 

The  pre-l)evonian  limestones  of  the  State  are  markedly  deticient  in 
fossils.  Wliether  they  owe  their  origin  mainly  or  entirely  to  the 
action  of  bacteria  or  to  the  somewhat  similar  i>rocess  discussed  by 
Daly  cannot  be  determined,  but  his  interpretations  seem  plausible 
and  worthy  of  acce[)tance.  The  limestones  jmssess  the  characteristics 
of  normal  chemical  precipitates  but  are  probably  attiibutal)le  to 
organic  agencies. 

Inorganic  Agencies. 

In  the  past  many  nunfossiliferous  limestones  were  considered 
purely  inorganic  but  now  are  referred  to  some  of  the  organic  pro- 
cesses described  above.  Locally,  there  are  deposits  of  calcium  carbon- 
ate undoubtedly  formed  without  any  connection  with  organisms  and 
in  several  ditferent  ways.  However,  in  the  aggregate  they  are  of 
little  economic  importance. 

When  bodies  of  water  disappear  by  evaporation  there  are  formed, 
probably  in  every  instance,  deposits  of  calcium  carbonate  due  to  its 
almost  universal  [)resence  in  lake  and  ocean  waters.  In  regions 
where  the  rainfall  is  delicient  and  eva[)oration  excessive,  deposits 
of  limestone  have  been  observed  to  form  in  river  beds  but  only  in 
limestone  regions  where  the  waters  become  highly  charged  with  cal- 
cium carbonate,  is  ear  waterfalls  calcareoTis  precipitation  is  apt  to 
form  by  evaporation  of  the  spray. 

Many  hot  springs  and  some  cold  ones  heavily  charged  with  cal- 
cium carbonate  form  deposits  called  “tufa”  or  “travertine”  near  their 
vents.  Algae  are,  in  some  cases,  responsible  for  the  precipitation 
but  liberation  of  carbon  dioxide,  evaporation,  or  cooling  of  the  water 
will  cause  deposition. 

The  stalactites  and  stalagmites  of  caves  are  produced  by  evapora- 
tion and  loss  of  the  carbon  dioxide  responsible  for  holding  the  cal- 
cium carbonate  in  solution.  The  beautifully  colored  cave  onyx  ex- 
tensively used  as  an  interior  decorative  stone,  originates  in  this  way. 

The  precipitation  of  calcium  carbonate  from  ocean  water  at  several 
]>laces  especially  near  the  mouths  of  rivers,  has  been  described,  and 
explained  by  purely  inorganic  i)i'ocesses  involving  chemical  changes. 
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Most  of  these  iustances  are  not  sufficiently  supported  by  careful  ob- 
servations to  warrant  their  acceptance.  Calcite-secreting  bacteria 
suggest  another  explanation. 

ORIGIN  OF  DOLOMITE. 

Scarcely  another  question  of  geologic  inquiry  has  received  as 
much  attention  as  that  concerning  the  origin  of  dolomite.  French, 
Uerman,  llelgian,  English,  and  American  geologists  have  attacked 
the  problem  and  scores  of  monographs  based  on  observations  and 
experiments  have  been  written  in  support  of  one  theory  or  another 
but  there  still  remain  many  divergent  views.  A summary  of  the 
literature  is  impracticable  in  this  place  but  the  problem  is  of  such 
great  economic  importance  to  the  users  of  limestone  in  Pennsylvania 
that  it  cannot  be  ignored.  Certain  of  our  Emestones  are  sought  be- 
cause of  their  high  magnesian  content  and  others  are  rejected  on  ac- 
count of  it.  In  some  sections  high  and  low  magnesian  limestones 
are  so  mixed  that  the  stone  cannot  be  utilized  for  purposes  requiring 
either  but  not  the  other. 

There  is  no  sharp  line  between  dolomite  and  limestone.  Careful 
study  of  magnesian  limestones  seems  to  indicate  that  nearly  all  the 
magnesium  present  exists  as  part  of  dolomite  [(CaMgj  (COgja] 
molecules  and  a true  dolomite  rock  is  one  in  whicli  all  the  calcium 
exists  in  the  same  form.  In  most  cases  both  dolomite  and  calcite 
crystals  compose  the  rock  and  seldom  is  either  one  entirely  absent, 
although  in  general,  rocks  low  in  dolomite  crystals  are  more  abun- 
dant than  the  others.  Some  of  our  limestones  may  contain  magne- 
sium as  uncombined  MgCOj  but  this  is  not  common.  Analj^ses  show- 
ing more  than  per  cent  of  iMgCOj,  the  theoretical  percentage 

of  dolomite,  are  rare  although  there  are  some  examples  of  rocks  con- 
taining over  5U  per  cent  MgCOj. 

The  theories  that  have  been  formulated  present  many  different 
])oints  of  view  and  lead  to  the  belief  that  dolomite  can  be  produced 
under  several  conditions  and  in  all  probability  has  been  produced 
in  nature  in  different  ways.  Dolomite  is  reported  to  have  been  pre- 
pared synthetically  in  the  laboratory  by  many  investigators^^  but 
we  cannot  be  certain  that  any  of  the  processes  employed  have  been 
duplicated  in  nature. 

Under  unusual  conditions  normal  dolomite  may  have  been  formed 
as  a primary  chemical  precipitate  in  shalloAV  ocean  water  but  it 
seems  i)i’obable  that  most  of  our  highly  magnesian  limestones  OAve 
their  origin  to  secondary  changes. 

The  analyses  of  the  skeletons  of  various  marine  invertebrates  and 
calcareous  algae,  given  on  a preceding  page,  show  that  many  of  the 
organic  calcareous  deposits  accumulating  in  the  seas  contain  con- 

^^Clarke,  F.  W.,  Data  of  Geocliemistry : U.  S.  Geol,  Surr.  Bull.  61G,  pp.  559-563,  Wash- 
ington, 1916.  Van  Tuyl,  F.  ’M.,  Origin  of  Dolomitu : Iowa  Geol.  Surv.,  Vol.  25,  pp.  251-421, 
Des  Moines,  1916. 
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siderable  aiiioimts  of  inagiiesiiim  carl)onate,  especially  the  foraniini- 
fem,  alcyonariaiis,  ecliiuodernis  (ciaiioids,  sea  uichhis,  starfishes, 
and  holothuriaiis),  crustaceans,  and  coralline  algae.  Clarke  and 
tVheeler  give  an  analysis  of  a species  of  algae.  .stiictinii, 

from  Soldiers  Key,  Florida,  which  contained  2.j.lT  ]ier  cent  MgCOg. 
In  their  studies  they  found  that  the  forms  living  in  warm  waters 
had  a higher  percentage  of  magnesium,  a condition  which  seems  to 
be  general  in  the  different  groups  and  may  indicate  that  our  dolo- 
mitic  limestones  were  largely  formed  in  the  warm  waters  of  the 
Paleozoic  seas. 

Those  organisms  that  have  aragonite  as  part  of  their  skeletons 
form  deposits  that  favor  doloniitization  because  that  mineral  is 
more  soluble  than  calcite. 

Unless  organisms  in  the  piast  had  the  ability  to  e.vtract  from  ocean 
water  a larger  amount  of  magnesian  salts  tlian  is  ])ossessed  by  forms 
living  now',  it  is  evident  that  secondary  action  has  beeTi  involved  in 
the  formation  of  our  magnesian  limestones,  inasmuch  as  numerous 
strata  contain  more  than  40  ]»er  cent  MgCUg.  The  secondary  change 
may  hav'e  been  enrichment  either  liy  the  removal  of  CaC(  )g  or  by  re- 
placement. 

In  all  probaldlity  both  processes  have  taken  place  and  in  most 
cases  it  is  difficult  to  say  which  method  has  ]»revailed. 

A disputed  jioint  concerns  the  time  when  and  jdace  where  the 
leaching  of  fhe  (faCOj,  or  its  replacement,  occurred.  Geologists  seem 
to  favor  the  belief  in  the  change  having  been  effected  mainly  in  the 
ocean  bottom  when  the  limestone  existed  in  the  unconsolidated  con- 
dition as  ooze  or  loose  shells.  Magnesium  exists  in  ocean  waiter  in 
much  larger  quantity  than  does  calcium,  averaging  about  3.72  per 
cent  of  the  salts  contained  in  soluti(tn.  l!y  the  action  of  decaying 
organic  matter  in  warm,  shallow'  w'aters  the  solution  of  Garo,  and 
also  the  substitution  of  magnesium  for  calcium  are  believed  to  have 
gone  forw'ard  most  rapidly.  The  effect  of  decaying  organisms  is 
show'll  liy  the  selective  rcqilacement  of  fossil  shells  liy  dolomite  in 
some  limestones  in  which  the  matrix  remains  calcite. 

In  most  cases  the  action  of  sea  water  jirobably  ceased  rathei*  uni- 
formly at  shalbtw'  dc])ths  in  the  dejnisits  and  the  variation  in  com- 
])Osition  in  individual  beds  is  not  marked.  In  ])laces,  how'ever,  om* 
tinds  a bed  changing  in  a short  distance  laterally  from  a dolomite 
to  a low  magnesian  limestone.  Conditions  of  this  kind  are  interpret- 
ed to  mean  a continuation  of  the  alteration,  after  the  d(‘])os:tion  of 
overlying  deposits,  due  to  some  physical  characters  that  gave  ready 
access  to  the  magnesian  waters  in  certain  ])laces  Imt  not  everyw  heiav 

In  some  limestone  (juarries  of  this  State  doloniitization  has  taken 
])lace  on  a considerable  scale  and  the  rock  ^■aries  materially  in  com- 
position even  though  the  Iteds  are  continuous. 
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lu  the  shells  of  organisms  magiiesinm  and  calcium  carbonate  seem 
to  exist  as  separate  molecules  and  there  is  still  no  direct  evidence  of 
the  way  in  which  the  double  molecule  of  dolomite  is  formed  although 
theoretical  explajiations  have  been  offered. 

We  accept  the  view  of  dolomitization  at  the  time  of  formation  of 
the  limestone  as  llie  most  plausible  explanation  for  most  of  our  mag- 
nesian limestone  but  are  still  without  definite  evidence  to  account 
for  the  extreme  and  sharp  variations  that  prevail  in  the  alternating 
strata  of  the  Cambrian  and  Ordovician  rocks  of  this  State,  as  de- 
scribed on  later  pages.  We  can  only  s\xggest  changes  in  the  density 
of  the  ocean  water,  changes  in  temperature  and  pressure,  and  changes 
in  the  character  of  the  organisms  forming  the  deposits  as  the  more 
probable  causes.  As  oolites,  cross  bedding,  intraformational  con- 
glomerate, rijeple  marks,  sun  cracks,  and  numerous  shale  laminae 
are  characteristic  of  these  strata  we  are  warranted  in  concluding 
that  the  water  was  shallow  over  wide  expanses,  thus  facilitating 
rapid  and  frequent  changes,  such  as  suggested. 

We  cannot  esca}>e  the  conviction  that  dolomitization  may  have 
occurred  in  later  periods  as  well,  even  after  consolidation  of  the 
limestones  and  their  u])lift  from  beneath  the  ocean,  OAving  to  ground 
water  circxilating  through  the  rocks.  These  effects,  however,  are 
subordinate  to  the  ones  described  above.  Limestones  have  been 
found  in  which  the  magnesian  content  increases  with  proximity  to 
shattered  zones  and  cracks  or  joints  through  Avhich  the  ground  Avater 
passes  readily.  In  these  cases  the  cause  has  been  dolomitic  enrich- 
ment due  to  the  removal  of  the  more  soluble  calcite. 

In  general  the  circulating  ground  Avater  accomplishes  little  in  the 
replacement  of  limestone  by  dolomite.  Yet  it  must  be  remembered 
that  dolomite  is  a gangue  mineral  in  certain  ore  de])osits,  proving 
that  it  is  carried  in  solution  by  ground  Avater  and  there  is  thus  the 
possibility  of  local  replacement  of  CaCOg  by  MgCOg  by  this  agency. 

ORIGIN  OF  MARBLE. 

Marble  is  a metamorphic,  compact  variety  of  limestone  or  dolo- 
mite and  differs  from  the  original  rock  only  in  the  granular  and 
more  coarsely  crystalline  character  of  the  particles  composing  it. 
There  is  no  distinct  line  of  sejtaration  IxetAveen  limestone  and  marble 
but  in  general  those  calcareous  stones  that  Avill  take  a high  polish 
are  called  marble.  This  character  dej)ends  ui)on  the  compactness 
of  the  stone  and  the  crystallinity  of  the  particles.  The  separate 
grains  which  break  along  cleavage  planes  may  vary  from  microscopic 
size  to  ci'ystals  several  inches  in  diameter.  Marble  may  be  designated 
as  calcareous,  magnesian  or  dolomitic  depending  upon  the  amount  of 
magnesium  present. 
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By  experiment  it  lias  been  found  that  pressure  and  heat  in  the 
presence  of  moisture  are  the  effective  metamorjihic  agents  in  the  for- 
mation of  marble.  The  intrusion  of  limestoiu*  beds  by  molten  igneous 
material  will  change  the  limestone  to  marble  for  a short  distance 
from  the  contact.  This  is  called  “contact  metamorphism”  and  is  of 
local  imjiortance  only.  The  extensive  areas  of  marble  are  due  to 
pressure  and  heat  caused  by  folding  or  conpiression  of  the  earth’s 
strata.  This  is  designated  “regional  metamorjdiism”.  In  general 
those  strata  that  have  been  subjected  to  the  greatest  stresses  are 
most  coarsely  crystalline,  although  the  composition  of  the  rock,  the 
thickness  of  overlying  rock,  the  quantity  of  moisture  present,  and 
possibly  other  factors  may  have  their  effect.  This  is  shown  to  good 
advantage  in  the  limestones  and  marbles  of  this  State  where  the  pre- 
Cambrian  calcareous  strata  have  undergone  intense  deformation 
numerous  times  and  have  been  converted  into  coarsely  crystalline 
marbles.  The  Camlu-iaii  and  Ordovician  limestones  have  twice  been 
folded  and  faulted  and  in  many  ])laces  have  been  changed  into  fine- 
grained marbles,  whereas  the  later  limestones  of  Carboniferous  age 
have  been  subjected  to  a single  period  of  mountain  building  by  com- 
pression and  are  in  few  jdaces  sufficiently  crystalline  to  justify  their 
designation  as  marble. 

As  described  under  tlie  tojiic  of  “Chemical  and  Mineralogical  Com- 
position’’, marble  formed  from  impure  limestone  contains  a wide 
variety  of  minerals,  the  most  common  of  which  are  graphite,  trem- 
olite  and  garnet. 

WEATHERING  OF  LIMESTONE. 

Limestone  is  worn  away  by  corrosion,  by  frost  action,  and  in  var- 
ious other  ways  like  all  rocks,  but,  in  addition,  by  solution  which 
in  the  case  of  most  rocks  is  of  little  conseqiience.  Under  certain  con- 
ditions limestone  beds  are  disintegrated  by  physical  means  and 
we  have  in  the  Triassic  of  Pennsylvania  occasional  beds  of  con- 
glomerate containing  pebbles  or  col)bles  of  limestone  derived  from 
nearby  Paleozoic  strata.  However,  the  removal  of  limestone  is 
primarily  by  solution.  Pure  water  will  dissolve  limestone  slowly 
but  with  carbon  dioxide  or  humus  acids  derived  from  decaying  or- 
ganic matter  the  solution  becomes  active.  Magnesium  limestones 
are  less  soluble  but  even  they  are  much  more  readily  dissolved  than 
most  rocks  of  the  earth’s  crust. 

The  solution  of  the  limestone  is  mainly  accomplished  by  ground 
waters  that,  flowing  through  cracks  in  the  rocks,  dissolve  the  ad- 
jacent material.  Caves  result  from  this  action  wherever  thick  lime- 
stones outcrop  or  come  near  the  surface.  In  the  limestone  valleys  of 
Pennsylvania  numerous  large  caves  have  lieen  discovered  and  in- 
numerable sink  holes,  due  to  the  collapse  of  the  cave  roofs,  can.  be 
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found.  So  abundant  are  these  sink  lioles  in  some  places  that  most 
of  the  rain  Avater  sinks  underground  directly  and  helps  to  form  sub- 
terranean streams.  In  the  great  limestone  areas  of  the  State,  sur- 
face streams  are  rare  and  the  rocks  are  so  cavernous  that  the  resi- 
dents of  some  tOAvns  and  cities  dispose  of  their  seAvage  by  diimping 
it  into  these  cavities.  Holes  are  dug  to  locafe  these  caves  and  in  most 
eases  the  first  attempt  is  successful.  In  some  instances  tlie  passage 
Avays  later  become  clogged  by  the  seAvage  and  neAv  holes  must  be 
opened  into  other  passages,  but  generally  the  caverns  are  sufficiently 
large  and  open  so  that  they  serve  their  purpose  satisfactorily  year 
after  year. 

The  problem  of  securing  ample  supplies  of  good  Avell  AAmter  in 
limestone  regions  lias  become  a serious  one  in  many  sections.  The 
limestones  themselves  are  relatively  imperAious  so  that  little  AAmter 
passes  through  them  and  the  solution  channels  permit  most  of  the 
ground  Avater  to  collect  in  definite  subterranean  streams.  Accord- 
ingly Avhen  a Avell  encounters  one  of  these  major  streams  an  unfail- 
ing and  almost  unlimited  supply  is  obtained.  In  some  cases  these 
streams  emerge  at  the  surface,  as  illustrated  by  Boiling  Springs 
in  Cumberland  County  Avhere  a fair-sized  creek  is  formed  by  Avater 
from  these  springs.  If  a Avell  fails  to  strike  one  of  these  streams  it 
may  furnish  practically  no  Avater  regardless  of  its  depth.  There 
are  extensive  areas  in  the  great  limestone  areas  of  Pennsylvania 
Avhere  the  farmers  depend  entirely  upon  cistern  Avater  for  their 
domestic  supply. 

The  quality  of  the  Avater  obtained  from  limestone  is  a matter 
(>f  considerable  concern.  Almost  invariably  it  is  “hard”,  that  is 
heavily  charged  Avith  CaCOg,  rendering  it  highly  undesirable  for 
l)oiler  purposes  and  unsatisfactory  for  most  uses.  It  is  also  likely  to 
be  contaminated  on  account  of  the  open  character  of  the  channels 
and  the  ease  Avith  Avhich  surface  Avater  passes  under  ground  Avith  a 
minimum  of  filtration. 

CHARACTERISTICS  OF  LIMESTONE  REGIONS. 

As  the  result  of  solution  by  Avater  the  areas  underlain  by  thick 
beds  of  limestone  have  l)cen  reduced  to  loAver  levels,  leaving  the  less 
soluble  i-oeks,  particiibu'ly  fhe  (luartzose  and  igneous  or  meta- 
mor}»hic  non-calcareous  rocks  to  form  the  ridges.  This  is  true  re- 
gardless of  the  structure  of  the  rocks.  Some  striking  examples  of 
limestones  valleys  are  the  Aittany  Valley  in  Centre  County  and  the 
Xippenose  Valley  in  Lycoming  County,  AAdiere  the  rocks  have  been 
folded  upAvards,  forming  anticlines,  but  AA’ith  the  center  of  the  folds 
noAv  forming  the  valleys.  This  is  due  to  erosion  having  Avorn  through 
the  siliceoAis  rocks  that  once  capped  the  highest  portions  of  the 
folds  and  then  opening  up  valleys  of  solution  in  the  underlying  lime- 


stones.  All  vallevs  of  l*(‘iins\  Ivaiiia  are  not  llotn'ed  with  limestone, 
although  most  of  oui-  valleys  lying  east  amt  southeast  of  the  Alle- 
gheny Front  are.  It  can  be  ]>ositively  stated  that  no  important 
ridges  in  the  State  are  eomiutsed  of  limestone.  In  regions  that  have 
been  uj)lifted  by  folding  in  more  i(*eent  times  than  the  mountain 
building  of  tin*  Apjialaehians  or  wher('  solution  is  less  active,  lime- 
stone ridges  do  occur,  as  in  some  jxirtions  of  the  Jtockies  and  the 
Alj)S,  but  never  in  old  i-egions  of  hninid  climates. 

The  soils  of  limestone  areas  are  apt  to  be  thin  unless  winds, 
streams,  or  glaciers  have  brought  foi'eigu  debris  into  the  regions,  as 
is  true  in  some  of  tin*  linu'stone  valleys  of  the  8tat(‘.  The  soil  re- 
sulting from  the  decom])osition  of  limestone  consists  of  the  insoluble 
impurities  left  as  a I’csiduum  by  the  rcuuoval  of  the  carbonates.  The 
purer  the  limestone,  the  smaller  the  amount  of  soil  formed  by  its 
decomposition.  Also  in  time,  a large  }H)rtion  of  the  residual  soil  liuds 
its  way  into  the  streams  and  is  carried  off  by  heavy  rains  even  in 
fairly  level  areas  containing  nnnnu-ous  sink  holes.  Consequently  in 
the  comparatively  tlat-tloored  liimcstone  valleys  the  ontcro])S  of  rocks 
may  be  so  nunnu-ons  and  the  soil  so  tliin  as  to  seriously  interfere  with 
cultivation. 

Limestone  soils  are  highly  coloi-ed  by  the  oxides  of  iron  that  were 
[)resent  in  the  oiiginal  limestones  in  smaller  amounts  eithei'  in  that 
form,  or  as  carbonates  or  sul])hides.  In  the  latter  case  these  com- 
pounds have  oxidized  dui-ing  the  deconi])osition  of  the  rocks.  Tin* 
soils  are  fine-grained,  due  to  the  line  state  of  division  of  the  rock 
impurities  and  when  wet  an*  uimsually  ]>lastic.  They  are  well  ada[ited 
to  the  growth  of  corn,  grass  and  small  grain  and  constitute  the  most 
im}»ortaut  agricvdtural  soils  of  the  Stale.  They  are  also  suitable 
for  the  manufacture  of  brick  and  tile  and  have  been  utilized  for 
these  purposes  in  many  parts  of  Ihmnsylvaiiia. 

METALLIC  MINERAL  DEPOSITS  ASSOCIATED 
WITH  LIMESTONES. 

Limestone  is  of  extremely  giaait  ini[K)rtance  in  many  s(‘clions  of  the 
world  because  of  its  effect  in  the  formation  of  certain  metallic  ore 
bodies.  Lead  and  zinc  ores  are  more  commonly  associated  with 
limestone  than  with  any  other  kind  of  rock  and  ores  of  iron  and 
manganese  are  common  to  it. 

In  I’ennsylvauia,  zinc  ores  were  foi-merly  extensively  worked  at 
Friedensville,  Lehigh  County,  where  they  occur  as  reidacenunits  of, 
and  fracture  fillings  in,  the  Ordovician  magnesian  limestone.  At 
Landisville,  Lancaster  County,  and  Biimingham,  Llaii-  County,  lea<l 
and  zinc  oix's  hav(*  also  been  woiLcmI  in  the  Paleozoic  limestones. 
There  are  a numlter  (d'  other  ])lac(*s  in  the  State  where  lead  and  zinc 
minerals  have  been  found  in  limestone  but  not  in  sni'liciont  (pmutity 
to  justify  the  opening  of  mines- 
3m 
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Eesidiial  limonite  ores  have  been  mined  in  hundreds  of  the  limestone 
valleys  of  the  State.  In  some  cases  the  ore  bodies  covered  extensive 
areas,  extended  to  depths  of  lUO  to  200  feet,  and  contained  tens  of 
thousands  of  tons  of  ore.  The  iron  industry  of  ITuiusylvania  was 
mainly  dependent  uxjon  this  class  of  ore  for  manj^  years  but  its  im- 
liortance  gradually  declined  as  improved  transportation  facilities 
permitted  the  importation  of  higher  grade  Lake  Superior  and  Adi- 
rondack ores.  For  several  years  past  all  these  limonite  mines  have 
been  idle.  Ochre  was  found  in  association  with  the  limonite  iron  ore 
and  some  of  these  deposits  are  still  operated  at  intervals  by  paint 
companies. 

The  limonite  and  ocher  in  the  limestones  owe  their  origin  to  the 
action  of  ground  water  that  removed  the  limestone  and  concentrated 
the  iron  materials  originallj’  disseminated  throughout  the  strata. 
The  concentration  was  most  pronounced  in  shattered  zones  of  the 
limestone  where  there  was  free  circulation  of  the  ground  water. 

The  oxidized  ores  of  manganese  and  iron  are  commonly  found  in 
association.  In  this  State  manganese  ores  are  of  little  consequence 
but  maugauiferous  limonite  ores  in  the  past  were  worked  in  many 
places.  Umber,  which  is  manganiferoiis  ocher,  has  been  mined  in 
several  localities,  even  within  recent  years. 

The  Cormvall  iron  mine  in  Lebanon  County,  most  important  iron 
mine  ever  developed  in  Pennsylvania,  owes  its  origin  to  the  presence 
of  a great  thickness  of  Paleozoic  limestone.  A dike  of  igneous  rock 
brought  up  the  iron  bearing  solutions  or  else  prepared  the  way  for 
the  solutions  which  have  replaced  the  limestone  by  magnetite  for 
a considerable  distance  from  the  contact.  The  ore  body  thus  formed 
has  already  yielded  more  than  2.j, 000,000  tons  of  ore.  The  ore  also 
contains  appreciable  amounts  of  coj)]:er,  cobalt,  silver,  and  gold.  In 
ihe  past  other  iron  ore  bodies  of  a similar  character  have  been  worked 
in  the  State. 

A stratum  of  siderite  (iron  carbonate)  ore  ranging  in  thickness 
up  to  3 or  4 feet  commonly  overlies  the  Vanport  limestone  in  wes- 
tern Pennsylvania.  It  was  formerly  mined  on  a small  scale  in  sev- 
eral localities,  especially  in  Armstrong,  Butler,  and  Lawrence  coun- 
ties. This  ore  has  been  formed  by  the  replacement  of  limestone  by 
descending  ground  waters  carrying  iron  in  solution.  The  iron  ore 
contains  fossils  just  as  does  the  high  grade  limestone  beneath  it. 

Ores  of  copper  formed  by  replacement  of  limestone  are  of  great 
importance  in  the  Southwest  but  of  no  consequence  in  Pennsylvania, 
although  traces  of  copper  have  been  noted  in  some  of  our  limestones. 
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USES  OF  LIMESTONE  (including  Dolomite). 

Ordinarily  the  uses  of  limestone,  doloniite,  and  lime  are  diseussed 
separately  Imt  such  treatment  involves  eonsiderahle  rei>etition  in 
asmnch  as  these  different  snhstanc(‘s  may  he  used  interchangeably 
or  in  varicnis  combinations  in  nnmerons  cases.  The  variety  of  uses 
foi'  limestone  and  liniestom'  ])rodncts  is  so  great  that  it  is  inad- 
visable to  attemjd  a coni])lel(*  description  in  this  ])lace,  and  only 
the  jirincipal  uses  will  be  described.  As  there*  are*  many  elifferent 
e)])inions  at  the  pi*esent  time*  in  regard  1e>  the  coni]»arative  value  e>f 
th(*se  materials  ten*  variems  nse*s.  one  can  only  present  the  elifferent 
points  of  view  anel  wait  for  the  accnmnlatiem  e>f  more  <lata  before* 
reaching  a final  conclusion. 

Building  and  decorative  purposes. 

Limestone  and  niaiLle  have  been  iiseel  more  extensively  for  build- 
ing purposes  than  any  other  class  eif  stones.  Although  less  durable 
than  granite  they  are  more  attractive*  for  many  purposes  on  account 
of  the  light  color.  Heewever,  their  extensive  use  is  due  to  their  wiele 
distribution  in  almost  all  countries  anel  to  the  ease  with  Avhich  they 
can  be  quarried  and  dressed. 

The  chemical  compositiem  of  the  calcareous  stones  used  in  struc- 
tures is  of  no  particular  importance  unless  there  be  tereseut  some 
objectionable  materials  such  as  pyrite  or  other  easily  decomposable 
minerals  or  hard  minerals,  such  as  quartz,  that  Avould  interfere  with 
sawing  and  dressing  the  blocks.  The  important  (pialilications  are  de- 
sirable color,  evenly  bedded,  regular  strata  of  the  desired  thickness, 
and  joint  planes  regularly  si»aced  for  the  extracting  of  fair-sized 
blocks.  In  some  sections  the  limestone  is  worthless  for  structural 
purposes  on  account  of  the  numerous  joints,  gnarly  ami  uneven 
character  of  the  rock,  and  the  thin  beds.  Plate  1 A illustrates  lime- 
stone shattered  by  compression. 

The  limestones  of  the  State  have  been  us(*d  extensively  for  walls 
of  houses,  for  sills  and  lintels  in  buildings  mainly  constnicted  of 
other  materials,  for  curbing,  pavements,  etc.  IMarble  is  used  gen- 
erally for  interior  decorative  work,  for  monuments,  door  stei)s,  etc., 
and  also  is  used  for  puldic  tmildings  and  resid(*nces.  A numl>er  of 
fine  buildings  in  the  State  have  been  constructed  of  P(*nnsylvania 
marl)le. 

Crushed  and  pulverized  stone. 

The  use  f>f  crushed  limestone  for  road  metal,  ballast,  and  concrete 
and  of  pulverized  limestone  as  a filler  and  in  agriculttire  is  con- 
tinually increasing.  The  use  of  pulverized  stone  for  soil  conditioning 
will  1)0  discussed  on  a later  page  under  the  head  of  “Agriculture.” 
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PLATE  I. 


A.  Badly  shattered  Cambro-Ordovician  limestone  in  quarry  near  Shremer, 

Lancaster  County. 


B.  Burning  agricultural  lime  in  open  heap. 


Hond  iDctdl.  - -\Anu‘s\i)\w  is  mor('  oxtoiisi v(“ly  used  Foi-  I'ond  inrial 
than  any  o11i(“r  kind  of  sloiin.  .\lt lmii”li  U‘ss  diii'alilc  tliaii  rock 

or  granite  it  is  (nianied  and  crnslH'd  at  less  cost  and  in  .-iddition  tlie 
powder  formed  by  attrition  possesses  (‘xcellent  Idinling  (jiialities. 

Standardized  laboratory  tests  ai-e  made'  to  (bdminine  certain 
pliysical  pro])erties  that  alfect  the  value  of  tlie  stone.  The  tests 
made  by  the  State  Highway  Dejiartnumt  are  tin*  folloAving:  (1) 
specific  gravity,  (2)  wcdglit  per  cubic  foot  in  iMinmls,  (3)  absorjttion 
per  cnbic  foot  in  ])onnds,  (4)  per  cent  of  weai-,  ( Ti ) Fiamclt  co(*flicient 
of  wear,  and  Mi)  ernshing  strength  iii  jtonnds  ]»er  sepia r(‘  inch.  The 
Th  S.  Bureau  of  Public  Roads  also  tests  for  hardiness  and  toughness. 
iMost  of  the  tests  have  been  standardized  by  the  A mini  can  Society 
for  Testing  Materials. 

In  the  determination  of  sjiecilic  gravity  a fragment  of  rock  of  a]>- 
proximately  10  grams  is  dried  for  several  hours  to  a constant  weight. 
It  is  first  weighed  in  air  and  then  in  water.  The  sjiecitic  gravity  is 
the  product  of  the  weight  in  air  divided  by  the  difference  between  the 
weight  in  air  and  the  Aveight  in  Avater.  The  specific  gravity  of  lime- 
stone and  dolomite  averages  about  2.70,  siddoin  loAvei'  than  2.(!0  nor 
liigher  than  2.85. 

The  AA'eight  jier  cubic  foot  is  obtained  by  mnllijdyuig  the  Aveight 
of  a cubic  foot  of  Avater  (02.5  lbs.)  by  the  s]>ecilic  gravity  of  tln^  stone. 
Limestone  averages  about  108  pounds  per  cubic  foot  and  didomite 
170  pounds.  These  figures  are  useful  in  estimating  the  Aveight  of  a 
certain  volume  of  stone.  If  the  stone  is  crushed,  it  is  customary  to 
make  a 50  per  cent  alloAvance  for  the  spaces  betAveen  the  ]iartich‘s. 

The  absorption  is  determined  by  Aveighing  a didiMl  sp(‘cinien  of  rock 
before  and  after  immersing  in  Avater  for  00  hours.  The  differeuce  iii 
weight  re])resents  the  amount  of  water  absorbed.  The  ability  of  lime- 
stones to  absorb  moisture  varies  greatly,  ranging  from  a feAV  huud- 
redths  of  1 per  cent  to  more  than  13  per  cent.  The  absorjition  is 
usually  expressed  iu  jiounds  ]ier  cubic  foot.  This  t(‘st  is  of  value  iu 
determining  the  durability  of  limestones  exposed  to  friavung  action. 
A porous  rock  may  be  badly  disintegrated  by  flu*  fi-osts  of  a single 
Avinter  in  such  a climate  as  that  of  Penusylvania  Avhere  there  are 
numerous  thaAvings  and  freezings  during  the  Avint(*r  months. 

The  fragments  of  stone  used  in  road  Ini'lding  AViair  by  abrasion 
and  it  has  been  found  necessary  to  determine  the  laite  of  Avear.  This 
is  done  by  the  standardiziMl  Deval  abrasion  ti'st.  The  sample  to  be 
tested  consists  of  5 kilograms  (about  11  jiounds)  of  fi-i'shly  broken 
stone  about  2 to  2|-  indies  in  size.  The  number  of  jdiu’es  should  be 
about  50,  certainly  no  h‘ss  than  40  nor  more  than  00.  After  thorough 
drying,  the  rock  is  put  into  a cylinder  mounted  on  an  axis  inclined 
30°  to  the  cylinder.  The  cylinder  is  reAUilA'ed  10,000  limes  at  the 
rate  of  30  revidutions  pei'  minute.  (*ach  revolution  throwing  the  nia- 
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terial  from  end  to  end  twice.  The  abrasion  is  accomplished  by  part- 
icle rul)biug  against  particle  and  l»y  striking  against  the  sides  and 
ends  of  the  cylinder.  The  line  material  is  screened  tlirongh  a one- 
sixteenth  incli  mesh  screen.  Tins  is  Aveighed  to  determine  the  per 
cent  of  wear.  The  French  coefficient  of  wear  is  determined  by  divid- 
ing 40  by  the  per  cent  of  wear.  Tlie  average  per  cent  of  wear  of 
limestones  is  abont  5 and  the  average  French  coefficient  of  wear  is 
about  8. 

The  crushing  strength  of  road  metal,  although  not  often  deter- 
mined, is  measured  by  pressure  required  to  crush  a cylinder  of  stone 
- inches  in  diameter  and  2 inches  long.  The  average  of  two  or  more 
determinations  is  expressed  in  pounds  per  square  inch.  Limestone 
and  dolomite  of  the  ordinary  type  crush  at  pressures  of  18,000  to 
10,000  pounds  per  square  inch  but  some  siliceous  varieties  have  a 
ciaishing  strength  of  more  than  30,000  pounds.  Porous  limestone 
and  marble  crush  at  pressures  of  8,000  to  12,000  pounds  and  are 
therefore  not  acceptable  for  road  use. 

Tlie  hardness  of  a specimen  is  determined  by  drilling  from  it  a 
cylinder  rock  core  2.j  millimeters  in  diameter  and  then  subjecting 
the  end  of  the  core  to  the  abrasive  action  of  standard  quartz  sand 
between  30  and  40  mesh  in  size  on  a revolving  steel  disk  under  a 
constant  pressure  of  1,250  grams.  After  1,000  revolutions  the  loss  of 
weight  is  determined.  The  coefficient  of  hardness  is  20  minus  one- 
third  of  the  Aveight  loss.  Limestone  and  dolomite  have  an  average 
hardness  of  about  15  and  marble  about  14. 

In  the  toughness  test,  a steel  plunger  Avith  a spherical  loAver  end 
resting  on  a cylinder  of  stone  25  millimeters  (1  inch)  long  and  25 
millimeters  in  diameter  is  subjected  to  the  impact  of  a hammer  Aveigh- 
ing  2 kilograms  (4.4  pounds).  The  height  of  the  dro])  of  the  hammer 
is  increased  1 centimeter  (0.30  inch)  after  eacli  bloAv.  The  height 
of  bloAV  in  centimeters  at  Avhich  the  specimen  breaks  is  called  the 
toughness.  The  average  toughness  is  about  7 for  limestone  and  5 for 
marble. 

Another  test,  called  the  cementing  value  or  binding  poAver  test,  is 
sometimes  employed.  In  this  a sample  Aveighing  500  grams  (1.1 
pounds)  is  crushed  to  pea  size  and  then  finely  ground  in  a ball  mill 
to  the  consistency  of  a thick  dough.  Cylindrical  briquettes  25  milli- 
meters (1  inch)  in  diameter  are  molded  from  the  rock  paste  and 
thoroughly  dried.  A phinger  on  the  end  of  the  specimen  is  repeatedly 
struck  Ity  a 1 kilogram  (2.2  pounds)  hammer  falling  a distance  of  1 
centimeter  (0.39  inch).  The  number  of  blows  required  to  break  the 
specimen  is  called  the  cementing  value  of  the  stone.  Limestone,  dolo- 
mite. and  marble  liaA^e  'high  Aualues  in  comparison  with  other  kinds 
of  rock.  Over  75  per  cent  give  valiies  exceeding  25  and  a feAv  more 
than  500.  This  is  one  of  the  important  reasons  for  the  widespread 
use  of  limestoue  for  Avater-bound  macadam  roads. 
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Ballast . — (’i  usIumI  liiiifstonr  has  Iteeii  a\  idclv  used  f<jr  railroad 
ballast  in  the  past  but  has  l)een  decreasing  in  tavor  in  recent  years. 
One  reason  is  tliat  the  heavy  rolling  stock  demands  a rock  of  high 
crushing  strength  and  limestone  in  this  res])ect  does  not  com]>are 
favorably  with  many  of  the  siliceous  rocks.  Another  reason  given  is 
that  the  binding  quality  is  too  higii.  The  expense  of  removing  lime- 
stone ballast  to  replace  ties  is  high  as  compared  with  other  varieties 
of  rock.  This  binding  power,  on  the  other  hand,  increases  the  value  of 
limestone  as  ballast  in  ])laces  Avhere  it  need  not  be  disturbed. 

Coacrcta.- — Due  to  the  angular  character  of  the  individual  frag- 
ments of  crushed  limestone  it  has  been  extensively  enq)loyed  for  all 
kinds  of  concrete  work,  although  the  specilicatious  vary  in  different 
eases.  A large  ])ercentage  of  dust  is  objectionable. 

Filler. — In  recent  years  there  has  been  an  incr(*asing  demand  for 
inert  mineral  substances  as  lillers  ;n  the  manufacture  of  various 
products.  White  clay,  barite,  mica,  talc,  silica,  slat(*,  limestone,  and 
occasionally  gra]diite  and  ocher  ar(‘  used.  In  evei-y  case  the  materials 
are  limdy  ground  and  in  almost  eveiy  instance'  used  in  the  raw  con- 
dition. Ibdverized  limestone  oi‘  marble,  commonly  called  whiting, 
I although  correclly  whiting  is  groinid  chalk  I are  ]>robably  used  in 
larger  quantities  than  any  of  the  other  lillers.  For  this  ]air])ose 
waste  mateidals  are  eommoidy  emieloyed.  esju'cially  waste  marble, 
but  the  increasing  demand  and  high  transportation  rates  are  re'sult- 
ing  in  the  ]»roductiou  of  this  material  in  other  sections. 

In  every  case  it  is  necessary  to  grind  the  material  very  fine  in 
either  roller,  tube  or  ball  mills.  Some  specifications  call  for  OS  or 
99  per  cent  fine  (*nough  to  pass  tlirough  200  mesh  and  others  900 
mesh.  The  finest  mab'iial  is  oblained  by  watc]-  llotalion.  or  air 
separation. 

Probably  the  most  extensive  use  of  limestone  filler  is  in  asphalt 
paving  mixtures  wliei'C  its  presence  toughens  the  mix  and  renders 
it  less  susce])tible  to  tenq)erature  changes.  It  is  also  “used  in  rubber, 
paint,  a few  grades  of  ]ta])er,  linoleum,  oilcloth,  shoe  polish,  putty, 
tooth  jiowder.  roofing  and  artificial  stone.  For  use  in  rubber,  lino- 
leum and  i»aint  the  alkalinity  should  be  very  low.  Freedom  from 
grit  is  required  for  nearly  all  uses.  A juire  white  color  is  essential 
for  use  in  paint,  shoe  ]>olish,  and  similar  products.  Loav  oil  al)sorp- 
tion  is  of  greatest  inquudance  in  the  ])aint  and  linoleum  industries. 
There  are  many  grades  of  Avhiting,  ranging  from  the  amorphous 
material  produced  from  true  chalk  to  the  highly  crystalline  material 
from  marble.  Different  whitings  ]iossess  different  physical  proper- 
ties, often  when  quite  similar  in  chemical  conqiosition,  fineness,  and 
ap]»earauce.  Such  differences  ai-e  often  difficadt  to  understand.  For 
exain])le,  of  tAvo  Avhitings  of  similar  chemical  composition,  grain 
size,  and  general  appearance,  one  Avill  make  good  putty  Avhile  the 
other  may  not.”^-  The  P.ureau  of  IMiiies  is  carrying  on  additional  re- 
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scjircli  Avoi'k  1<)  1iy  to  (l(*t(*i'niiii('  tlio  host  type  of  mineral  iillers  for 
oacli  ])articiilar  piir])oso. 

Flux. 

Limestone  is  essential  as  a Iluxing  material  in  the  mamvfactnre 
of  iron  and  steel.  Bet\V(*en  one-tlnrd  and  one-half  of  all  the  lime- 
stone ])rodnced  in  tin'  United  States  is  used  in  this  ^yay.  The  pnr- 
l»ose  of  the  limestone  is  to  make  a fusible  slag  of  tlie  impurities  of 
the  iron  ore,  mainly  silica  and  alumina,  and  the  ash  of  the  coke. 
Ordinarily  about  half  a ton  of  limestone  is  used  for  a ton  of  ]>ig 
iron. 

The  suital)ility  of  a limestone  for  use  as  flux  de])cnds  almost 
(‘iitirely  on  its  chemical  eom])osition  all  hough  the  physical  con- 
dition is  of  importance.  For  examjde,  there  must  not  be  much  dust 
and  this  fact  eliminates  marl  from  furnace  use. 

Limestone  for  Ilux  should  be  lo\y  in  silica  and  alumina,  the  lo\yer 
the  better.  Since  the  object  of  the  limestone  is  to  remoye  these  im- 
purities the  material  is  obyiously  less  efficient  if  it  contain  much  of 
cither  of  these  two  substances.  Iloweyer,  they  are  both  present  in 
])ractically  all  limestone  and  the  amount  that  will  be  tolerated  de- 
pends upon  ayailal)ility  and  cost  of  the  stone.  Whereas  one  company 
fayorably  located  with  res]K>ct  to  good  fluxing  limestone  will  only 
aece])t  stone  containing  less  than  3 or  4 ])er  cent  of  alumina  and 
silica,  another  company,  less  adyantageously  situated  may  find  it 
cheaper  to  use  stone  with  double  the  amount  of  im])urities.  In 
general  purer  stone  is  required  for  the  open  hearth  process  than  for 
the  blast  furnace. 

“lleferring  to  limestone  and  dolomite  as  Idast  furnace  mateiuals, 
thei-e  is  a difference  of  opinion  among  fuiaiace  men  to  their  relatiye 
value  as  fbixes.  Some  hold  that  limestone  is  the  better,  while  others 
maintain  that  dolomite  giyes  as  good,  if  not  Itetter  results,  their 
o])inion  usually  being  influenced  by  their  training  and  by  the  extent 
of  their  exj)erience  with  these  materials.  The  ju'esence  of  magnesinm 
in  limestone  in  small  amounts  has  little  effect,  but  as  the  content 
increases,  it  may  lower  the  fusion  point  of  the  resultant  slag  by  the 
formation  of  double  salts.  A high  percentage  (oyer  3 per  cent)  of 
magnesia  in  blast  furnace  slag  renders  it  undesirable  for  cement,  but 
for  concrete,  ballast,  etc.,  it  is  desirable  as  it  makes  the  slag  harder. 
Aside  from  this  objection,  not  one  of  much  Aveight,  the  factor  that 
goyerns  the  choice  between  limestone  and  dolomite  is  the  cost  ])er 
ton  of  ayailable  base”.^® 

Sulphur  and  phos])horus  are  undesirable  in  fluxing  limestone 
although  rarely  are  they  ])resent  in  sufficient  quantity  to  demand  con- 
sideration. 

i-Wpijjol,  W.  M.,  Non-metallic  minornl  filler  indnstrv : Trans.  Amer.  Tnst.  Min.  and  IVInt. 
I'lng.,  Vol.  G8.  pi>.  587-603,  1023. 

^•’Cainp,  J.  M.  and  Pranris,  C.  B.,  The  malving:,  shaping  and  treating  of  steel:  Second 

Edition,  p.  118,  Pittsburgh,  1920. 
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The  limestones  and  dolomites  of  Pennsylvania  have  long  been 
used  as  flux  by  the  iron  and  steel  industries  of  the  State  and 
numerous  analyses  of  such  materials  are  given  ou  later  pages  of  this 
report. 

Cement. 

A continually  increasing  use  for  limestone  is  in  the  manufacture 
of  cement.  In  this  industry  Pennsylvania  exceeds  all  other  States. 
There  are  three  kinds  of  cement,  all  of  which  recpure  the  use  of 
lime  or  limestone, — natural,  slag  (ituzzolan  or  puzzuolan  | and  Port- 
land cement. 

Natural  cement. — Xatural  cement,  also  called  Post  ndale  or  Eoman 
cement,  is  made  by  Imrning  an  argillaceous  limestone  at  tempera- 
tures of  1000°  to  1100°  C.  The  raw  material  is  of  variable  com- 
position and  in  the  burning  seldom  reaches  the  cliidcering  (fusing) 
stage.  Xevei-lheless  important  chemical  action  takes  jilace  and  cal- 
cium aluminum  silicates  are  formed.  The  burning  process  is  similar 
1o  the  burning  of  lime.  The  resulting  ])roduct  is  ground  line.  It 
differs  from  Portland  cement  in  that  it  sets  more  rapidly  but  pos- 
sesses less  strength.  It  is  chea])er  on  account  -of  less  attention  being 
given  to  the  chemical  composition  of  the  material  and  less  care 
in  the  burning. 

Until  1900  the  production  of  natural  cement  exceeded  that  of 
Portland  cement  but  since  that  year  there  has  been  an  enormous  in- 
crease in  the  production  of  the  latter  and  a slow  hut  steady  de- 
crease in  the  former  until  now  the  production  of  natural  and  puz- 
zolan  cement  combined  in  the  United  States  in  less  than  one  per 
cent  of  the  entire  cement  prodiiction. 

Slag  or  puzzolau  cement. — Puzzolan  cement  was  originally  made  at 
Pozzuolia  near  Naples,  Italy,  by  the  intimate  mixtui’e  of  volcanic 
lava  and  slaked  lime.  It  has  also  been  made  in  other  sections  of  the 
world.  The  similarity  of  basic  slags  of  the  blast  furnace  and  lavas 
suggested  the  use  of  slag  in  the  same  way  and  at  one  time  the  slag 
cement  industry  gave  promise  of  reaching  considerable  pro])ortions 
and  to  successfully  coni])eting  with  Portland  cement.  This  con- 
dition has  not  been  realized  and  production  has  declined  in  recent 
years.  In  some  cases  slag  cement  will  pass  all  the  necessary  tests 
for  Portland  cement  but  usually  it  possesses  less  strength  and  sets 
more  slowly. 

Few  processes  are  involved  in  the  manufacture  of  ])uzzolau  or 
slag  cement  as  it  is  merely  an  intimate  mechanical  mixture  of 
slaked  lime  and  slag,  ground  line  before,  duriiig  or  after  the  mixing 
of  the  two  ingredients. 

Stag  or  jiuzzolan  cement  must  not  be  confused  with  true  Port- 
land cement  in  which  blast  furnace  slag  and  limestone  are  mixed  in 
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the  proper  proportions  ehemieally  and  l)nrned  in  the  ordinary  way  as 
described  below. 

Portland  ccincni. — The  princi])al  cement  of  the  world  is  named 
“i’ortland”  because  of  its  resemblance  after  hardening  to  the  Port- 
land limestone  of  England,  a stone  extensively  quarried  and  widely 
used.  Pennsylvania  has  been  the  principal  producing  State  since 
the  beginning  of  the  industry  in  this  country  and  in  recent  years 
])robably  half  of  the  limestone  quarried  in  the  State  has  been  used 
in  this  Avay. 

In  the  manufacture  of  Portland  cement,  limestone  of  various  kinds 
is  used  either  alone  or  admixed  with  other  materials.  Argillaceous 
limestone  in  the  Lehigh  district  of  Lehigh  and  Northampton  counties 
has  the  correct  chemical  composition  for  the  manufacture  of  Port- 
land cement,  biit  elseAvhere  in  PenusAdvania  it  is  necessary  to  mix 
other  material  Avith  the  limestone  to  obtain  tbe  ju-oper  proportions 
of  the  requisite  ingredients.  The  manufactiu’ers  attem]:t  to  secure 
a Ainiform  composition  of  about  75  ])er  cent  CaCOg,  12  to  15  per 
cent  Si02,  and  the  balance  ALOg  and  FeJlg.  There  is  almost  ahvays 
some  MgCOg  present  but  this  is  undesirable  and  should  not  exceed 
5 or  (1  ]ier  cent.  For  this  reason  dolomite  and  high  magnesian  lime- 
stone are  unsuited  for  Portland  cement  manufacture  but  practically 
all  other  kinds  of  limestone,  including  calcareous  marls,  shells,  etc., 
can  be  utilized  if  mixed  Avith  ])roi)cr  ingredients  to  secure  the 
necessary  (dements.  Argillaceous  limestone  is  most  suitable  as  it 
more  nearly  a]»]iroaches  the  ])ro]»er  conq)osition.  Alkalies  and  sul- 
);hates  are  objectionable  but  i-arely  aia*  tlu*y  ]»resent  in  sufficient 
quantities  to  Avarrant  consideration. 

If  the  limestone  is  deficient  in  alumina  and  silica,  it  is  a common 
practice  to  add  clay  or  shale,  although  some  companies  use  blast 
furnace  slag  Avith  satisfactoi-y  results.  If  the  limestone  has  a CaCOg 
content  less  than  75  ]»er  cent,  it  is  necessary  to  add  a certain  amount 
of  higher  grade  limestone  and  in  various  regions  high-calcium  lime- 
stone is  quarried  for  mixture  Avith  argillaceoAis  limestone,  shale  or 
clay. 

The  ])rocess  of  manufacture  is  sinqde  although  a Avide  variety 
of  machinerj^  is  used  by  the  various  comj)anies.  Crushing  and  fine 
grinding  in  ball  or  tube  mills,  burning  in  rotary  kilns  at  tempera- 
tures of  1400°  to  1500°  C (2500°  to  2700°  F)  to  produce  clinkers, 
and  later  fine  grinding  of  the  (dinker  to  Avhich  a small  amoAint  of 
gypsum  has  been  added  to  retard  the  setting,  constitute  the  process. 

USES  OF  DOLOMITE. 

Furnace  Vnibiy. — Consideralde  dolomite  is  used  for  lining  open 
hearth  furnaces.  Although  inferior  to  magnesite  for  this  ]>urpose  it 
is  Avidcdy  used  nevertlndess  on  account  of  its  |ow(*r  cost.  Th((  more 
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ni'urlj  the  stone  appi'uHelies  the  eomposition  t)f  magnesite,  the  more 
desirable  it  is.  Considei-ahle  doiomitie  stone  with  no  more  than  35 
per  cent  iNlgCUa  has  been  used  althotigh  all  the  steel  com])anies  de- 
sire a MgCOg  content  of  40  per  cent  or  more.  The  silica  content 
should  be  less  than  - per  cent  and  alumina  e(iually  low. 

In  recent  years  there  has  been  considerable  (huiiand  for  low-silica 
dolomite  aud  several  deposits  have  been  found  in  this  State.  How- 
ever, a large  part  of  the  stom^  used  in  the  steel  plants  of  I’ennsyl- 
vania  comes  from  outside  the  State. 

Manufacture  of  magnesia. — The  extraction  of  magnesia  from  dolo- 
mite has  become  a rather  important  industry  in  this  State. 

For  tliis  ])urpose  a stone  with  from  43  to  48  per  cent  .MgCOg  is 
used.  One  huTidnal  ponnds,  iu  blocks  from  8 to  ll’  inches  in  diametei- 
(one  man  size),  mixed  with  44  ])Ounds  of  coke,  is  calcined  in  a closed 
kiln.  Tlie  COg  drawn  into  a gas  compressor.  The  burned  product 
is  slaked  and  ground  in  a pt'bble  mill  and  then  mixed  Avith  an  excess 
of  water.  Into  the  mixture,  CO.,  obtained  from  the  kiln,  is  forced 
under  pressure.  This  causes  the  magnesium  hjalroxide  to  ])ass  into 
solution,  leaving  Cat  'Og  mainly  with  the  impurities  derived  from  the 
stone  and  the  coke  as  a fine  preci]»itate.  lly  liltering  iu  litter  ])resses 
the  magnesium  solution  is  separated  from  the  jirecipifate. 

The  precipitated  CaCo.  is  suitable  for  wluting,  cement,  paint, 
fertilizer,  etc.,  Imt  due  to  the  ex])ense  of  drying  it  is  in  most  cases 
discarded.  In  one  ])lant  this  residue  contains  from  Oil  to  1)G  per 
cent  CaCOg.  The  solution  fi-om  tin'  tilter  prc'sses  canwing  a little 
moi'e  than  2 ]>er  cent  magnesium  Idcarbonate  is  boiled  iu  (dosed  u])- 
idght  boilers,  causing  the  ])recipitation  of  hydrated  l(asic  carbonate 
of  magnesia.  The  CO.  driven  off  is  drawn  back  into  the  gas  com- 
pressors, and  the  magnesium  carbonate  and  water  conducted  into  a 
gravity  tilter.  At  this  stage  there  is  a division  of  the  ])roduct  de- 
l)ending  upon  tlie  iise  to  Avhich  the  material  is  to  be  put.  It  may 
be  dried  and  moulded  and  put  on  the  market  as  the  hydrated  l)asic 
(\ud(onate  of  magnesium  or  magmcsium  alba  for  ]dnmnac(Uitical  uses, 
for  the  rubber  trade  or  as  a face  poAvder  or  toilet  article.  It  may 
be  calcined  to  form  MgO  and  sold  for  iihannaceulical  juirposes 
or  for  the  rubber  and  chemical  industries.  Most  of  it,  howevei', 
while  still  containing  considcu'able  Avater,  is  thoroughly  mixed  Avith 
shredded  asbestos  iu  the  ])roportion  of  85  ]»er  cent  magnesiiim  car- 
bonate to  15  ])er  cent  asbestos,  and  moulded  into  bricks  or  forms  for 
covering  steam  id])es,  etc.  It  serves  as  an  excellent  heat  insulator 
due  to  the  numerous  tiny  air  cavities  ])resent  betAveen  the  grains  of 
the  magnesium  carbonate.  The  aslsestos  libres  are  also  ])oor  heat 
conductors  although  their  }»rinci])al  use  is  as  a bind(U*  to  increase 
tin*  strength  of  the  forms. 
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Figure  1.  Flow  chart  illustrating  manufacture  of  magnesia.  The  darkened 
lines  show  the  actual  process  involved;  the  lighter  lines,  by  processes. 
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A flow  sluH't,  prejtarcil  hj  flu*  [Ma^nosin  Associal ion  of  *Vmoiara, 
slutwiiifi  11u‘  \arioiis  rli(“iniral  clian^os  inv'ohcd  in  llio  process  is 
j^ivcn  in  tlic  acconipa nyini;  fiiiiirc. 

USES  OF  LIMESTONE  AND  LIME. 

Ajiriciilt lire. — Tlic  valin*  of  lime  ami  lina'stom*  to  tin*  agricultural 
industry  has  long  been  I'eeognized  and  for  centuries  farmers  have 
fertilized  the  soil  by  tin*  application  of  linn*stone,  chalk,  oyster  and 
clam  shells,  and  calcar(*ous  mai-1,  (*ither  in  the  raw  or  in  tin*  calcined 
condition.  Such  material  ]irodnc(*s  tin*  following  elfects:  ia|  It  will 
neutralize  active  acid.  lbi  It  cre;it(*s  a condition  in  the  soil  favor- 
able for  the  growth  of  many  \aluabh*  crojis.  (c)  Its  presence  favors 
the  growth  of  many  of  tin*  legnmes  and  promotes  the  use  of  the  nitro- 
gen of  the  air  by  those  jdauts.  id)  It  iiii])roves  the  type  of  decay  of 
organic  matt(*r  in  the  soil  with  tin*  formation  of  humus.  ( (* ) It  su]i- 
]dies  nutrients  in  the  fonn  of  calcinm  and  magm*sium  for  the  use  of 
phuits.  (f)  It  may  iniprov(*  tin*  tilth  of  tin*  soil.  (gl  It  ini])roves  the 
sanitary  condition  of  the  soil.’^ 

In  an  elaborati*  chart  issued  by  the  National  Lime  Association  a 
number  of  the  otln*i-  s]M*citic  eases  an*  giv(*u  shoAving  the  agricultural 
value  of  lime  in  ci-op  production  and  protection,  animal  growth  and 
jirotection,  and  tin*  ])rotection  and  jireservation  of  animal  products. 

Kecent  investigations  have  shocvn  that  most  plants  reipiire  both 
calcium  and  magm*sium,  which  means  that  magnesian  or  dolomitic 
limestone  is  ]U‘eferabh*  as  fertilizer  to  the  i)ure  calcareous  variety. 
The  calcium  is  built  ii])  as  an  essential  constituent  of  the  stems, 
leaves  and  roots  whereas  the  magnesium  is  stored  up  finally,  mainly 
in  the  stems.  Magnesium  also  constitutes  au  important  part  (»f  chlo- 
roi)hyll,  tin*  green  coloring  matter  of  jdants.  The  relative  ariiounts  of 
calcium  and  magnesium  best  suited  for  f(*rtilizing  use  has  not  been 
definitely  determined  but  probably  depends  ujmn  the  kinds  of  plants. 
The  neutralizing  ability  of  dolomitic  limestone  is  great(*r  than  that 
of  pure  calcium  limestone  but  the  high-magnesian  stone  will  ju'odma* 
only  a faint  degree  of  soil  alkalinity,  ])rol)ably  (*xi»lain(*d  by  tin* 
gi*(*ater  tendency  of  the  magnesium  to  enter  into  ch(*mical  eombina- 
lion  Avith  some  of  the  silicates  of  the  soil. 

The  improA'cment  of  the  tilth,  oi*  friable  cfmdition  of  the  soil,  is 
brought  about  by  the  addition  of  quick  lime  Avhich  tends  to  tloccu- 
late  the  soil  particles  and  render  a heavy  clayey  soil  much  more* 
jiorous  and  granular  ami  a sandy  soil  less  ]»orons.  A clay  soil  Avill 
drain  much  better  if  lime  is  added,  and  the  roots  of  the  ]dants  can 
more  easily  obtain  the  necessary  nourishment. 

With  the  exception  of  the  last  mentioned  uses  all  of  tin*  benefits 
of  soil  fertilization  can  be  obtained  by  the  addition  of  ground  quick- 

’••Fippin,  E.  O.,  Tlie  use  of  lime  on  the  soil:  N,  Y.  State  College  of  Ag?^.  at  Cornell 
Univ.  Iy('sson  148,  Ithnea,  lOlJ). 
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lime,  hydrated  lime,  air-slaeked  lime,  or  ground  limestone.  There 
is  great  divergenee  of  opinion  in  regard  to  the  relative  merits  of  the 
dilferent  materials  but  the  principal  factor  is  undoul)tedl3'  the  cost 
per  unit  of  calcium  oxide.  Viewed  in  this  manner,  500  pounds  of 
quicklime,  the  amount  commonly  specified  for  om>  acre,  is  the  eqiii- 
valent  of  !J50  pounds  of  hydiated  lime  or  1250  pounds  of  air-slaked 
lime  or  ground  limestone.  The  action  of  the  ground  limestone  is 
slower  and  the  effect  will  extend  over  a longer  ])ei-iod  of  years  than 
if  lini(‘  is  used.  Ojuster  shells  and  calcareous  muri  have  long  been 
us(‘d  in  the  soils,  but  the  us(^  of  pulverized  limestone  is  a rather  re- 
cruit upplication  and  the  annual  i)rod;iction  is  rapidity  increasing. 
Th(U-e  is  consideralde  difference  of  opinion  in  regard  to  the  most 
effective  state  of  lineness  of  ground  limestone.  In  some  cases  a pro- 
duct tliat  will  pass  through  a 100  mesh  screen  is  guaranteed  hut  more 
gemu'ul  ]>ractice  calls  for  15  to  18  per  cent  from  10  to  50  mesh  size, 
10  to  12  ])er  cent  between  50  and  100  mesh  size,  and  70  to  75  per  cent 
liner  than  100  mesh.  ISTaturall^^  the  coars(u-  ])artieles  maj'  remain  in 
the  soil  several  years  before  thej^  are  (uitirely  d('composed. 

t/7n.s'.s'  nuntufaciurc. — Calcium  oxide  is  a necessaiw  constituent  in 
the  manufacture  of  most  glass.  It  is  commonl,v  introducaal  in  the 
f(U  !n  of  ground  limestone  but  in  sojne  plants  (piicklime  is  used  and  in 
()lh(>rs  Iqydrated  lime.  Cost,  availability,  and  ])r(csent  practice  are 
the  ]irincipal  determining  factors  although  the  kind  of  glass  manu- 
factured may  laapiire  a ])articular  form  of  calcium  oxide.  There  is 
also  considerable  variation  in  tlie  permissible  impurities.  High  mag- 
u(‘sium  material  ma^'  be  used,  and  in  some  kinds  of  optical  glass, 
is  desirable.  The  ju'esencc'  of  magnesia  renders  the  mixture  more 
difficult  to  melt.  The  silica  content  should  be  less  than  1 i)er  cent 
f(u-  lh(‘  ihest  glass  hut  may  run  as  higli  as  17  per  cent  for  some  varie- 
ties. Alumina  should  he  less  than  3 per  cent,  except  for  some  glass 
ill  which  5 ])er  c(“nt  is  allowed.  Sulphuric  and  phos]>horic  anhydrides 
should  he  less  than  1 per  cent.  Iron  is  olijectionable  because  of  its 
eoloriug  properties.  For  the  best  glass  no  more  than  0.2  per  cent  is 
])(U-niissible,  but  for  the  ])oorer  qualities  0.8  per  cent  is  allowed. 

Ceramic  industrij. — Limestone  and  lime  are  used  as  fluxes  in  the 
manufacLu*e  of  pottery  and  porcelain.  Ground  limestone  is  mainly 
employed,  iirincipally  because  of  the  lesser  cost,  but  lime  is  necessary 
in  some  cases.  iMagnesian  material  is  desirable  as  the  points  of  vitri- 
iicalion  and  fusion  are  farther  apart  when  magnesia  is  present  al- 
though high  calcium  limestoiie  and  lime  are  also  used.  For  glazes  a 
low  magnesian  content  is  ladtei*.  Due  to  the  relatively  small  amount 
of  calcareous  matter  reipiired  the  impurities  present  can  usually  be 
ignored. 
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— (iruiiiid  limestone,  elmlk,  liydi-;iTe(l  jiiid  air-slaked  lime 
are  used  in  tin*  maiud'aetnrc'  of  paint.  The  chief  essentials  are  ex- 
treme lineness  (d‘  the  product  and  desirable  color.  The  presence  of 
magnesia  seems  to  improve  the  spreading  (pialities  of  the  paint. 

Slaked  lime  is  the  pigment  of  whitewash  that  in  earlim-  times  was 
more  extensively  nscnl  as  a paint  both  on  interior  and  exterior  sur- 
faces than  at  present.  It  's  also  mixed  Avith  other  ingredients  in  the 
mannfactnre  of  more  (daborate  paints. 

('alcinm  carbonate  as  natural  chalk,  ]mlveriz('d  limestone  or 
marble,  or  the  clunnically  i»reci])itated  vai-iety  is  used  in  several 
kinds  of  ]>aint  as  an  "extender”  or  harmless  adnltc'rant  to  increase 
rh('  volume  of  tln^  paint.  In  this  case  chea]  ness  determines  its  use. 
It  may  have  a pos’tive  value  as  do  several  of  the  so-called  "extenders” 
but  this  has  not  becui  i)roved. 

Mortar,  plastn-,  stacro,  and  concrete. — At  one  time  practically  all 
the  lime  made  was  used  in  the  preparation  of  mortar  and  plaster 
pind  this  use  still  accounts  for  about  ll.S  ])ei'  cent  of  the  total  annual 
]u-oduetion  of  the  connrry.  (trdinary  inortar  is  a mixture  of  slaked 
lime,  water,  and  sand.  Cement,  hair,  ]>laster-of-l*aris  and  other 
materials  ai-e  frecpienth'  added.  Tlie  mortar  hardens  by  the  evapora- 
tion (d'  tln^  water  and  the  slow  gi-a,dual  change  of  the  calcium  hydrox- 
ide into  calcium  carbonate  by  (extraction  of  carbon  dioxide  from  the 
air.  Both  magnesitin  and  non-magnesian  limes  are  used,  each  of  Avhich 
I'ossesses  certain  advanta.ges.  High  calcium  lime  when  mixed  with 
water  will  uiak(^  more  ]>utty  and  Avill  hold  more  sand,  hence  more 
mortar  can  be  formed  fi-om  it.  On  the  other  hand  the  shrinkage  is 
greater  and  there  is  a greater  ttnidency  to  crack.  There  is  also  a 
tendency  for  masons  to  o\erload  tlu'  high  calcium  lime  with  sand. 
Mortal’  made  A\  ith  h:gh  magm'sian  lime  is  considerably  stronger  than 
high  calcium  mortar  and  can  be  s]ir(‘ad  more  (uenly,  Inuice  is  gener- 
ally preferred  by  masons.  It  is  also  whiter. 

The  sale  of  hydrated  lime  for  mortar  and  plast(U’  is  steadily  in- 
creasing as  there  is  a tendency  for  lime  to  "burn”  Avheu  insufficient 
water  is  added  and  the  mixture  is  inpierfectly  stirred,  dust  Avhat 
happens  when  the  "burning”  takes  place  is  not  well  understood  but 
the  "burnt”  lime  is  practically  useless  and  when  used  in  mortar  is 
apt  to  break  away,  leaving  small  pits. 

In  most  cases  the  exact  color  of  mortar  is  a matter  of  indifference 
but  jilasteriug  mixtures  must  conform  to  color  s])ecitications,  usually 
the  Avhiter  the  more  acceptable.  Lime  is  used  in  stucco  and  concrete 
to  make  these  mi.xtun^s  b^ss  permeable  to  Avater. 

Sand-Ume  Jjrick. — Considerable  lime  is  useil  in  the  manufacture  of 
sand-lime  brick,  an  indust i-y  that  has  sIioavu  remarkable  develop- 
ment since  1901  Avhen  the  first  plant  in  this  country  liegan  o])erations 
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at  Michigan  City,  Indiana.  In  1920,  seventeen  States  contributed  to 
the  total  production  of  109,701 ,000  brick,  valued  at  $2,490,283.  Penn- 
sylvania ranked  sixth  with  a production  of  10,840,000. 

Sand  lime  l)rick  consists  of  about  85  per  cent  sand  and  15  per  cent 
hydrated  lime.  These  two  ingredients  mixed  Avith  sufficient  water  to 
permit  molding  are  pressed  into  shape  and  then  cnred  by  subjection 
to  steam  under  pressure  of  100  to  150  pounds  for  7 to  12  hours.  A 
cliemical  reaction  takes  place,  producing  amorphous  monocalcium 
silicate  (CaOSiO,),  which  binds  together  the  remaining  sand  par- 
ticles. High  calcium  lime  is  better  than  magnesian  lime  in  that  it 
produces  brick  of  greater  strength.  Complete  hydration  of  the  lime  is 
essential  and  this  is  more  readily  accomplished  Avith  the  high  cal- 
cium A’ariety.  Alumina,  if  not  more  than  2-1  cent,  is  not  ob- 
jectionable and  silica  in  the  lime  is  likeAAuse  harmless  if  proj)er  alloAv- 
ance  is  made  for  it. 

Tlie  brick  are  AA'liite,  unless  artificially  colored,  and  possess  about 
the  same  hardness  and  porosity  as  ordinary  clay  building  brick. 
They  are  moi-e  regular  in  sha])C  and  size  than  burned  brick. 

CHEMICAL  USES  OF  LIME. 

The  chemical  uses  of  lime  are  so  extensive  that  it  is  not  i)Ossible 
to  enter  into  a descri])tion  of  even  the  most  important.  Perhaps  no 
other  sul)stance  is  used  in  as  varied  manner  in  the  chemical  industry. 
In  a paper  on  “Lime  in  the  Chemical  and  Allied  Industries”  Dr.  M. 
E.  Holmes, described  tlu'  various  functions  of  lime  as  a chemical 
agent  in  the  folloAving  paragraphs  quoted. 

“Lime  is  a dehydrating  agent.  It  Avill  combine  Avith  the  occluded 
Avater  and  the  Avater  of  constitution  of  certain  chemical  substances 
rendering  them  anhydrous.  For  this  reason,  lime  llnds  use  in  the 
manufacture  of  alcohol,  both  ethyl  and  methyl,  and  in  the  petroleum 
refining  industry  for  dehydrating  crude  petroleum  and  greases.  It, 
therefore,  commends  itself  to  the  attention  of  every  manufacturer 
employing  processes  of  dehydration. 

“Lime  is  a coagulating  agent.  A suspension  of  lime  contains 
charged  particles  Avhich  Avill  neutralize  the  charge  of  colloidal  ma- 
terial flocculating  it  and  clarifying  the  liquid  by  ‘settling  out’.  It 
is  due  to  this  specilic  pro])erty  of  lime  that  it  finds  extensive  applica- 
tion in  the  sugar  industry.  It  is  used  for  defacating  raw  sugar  juices, 
a ]irocess  Avhich  is  accelerated  by  carbonating  and  sulphitating  the 
lime  in  susjiension.  The  carlionated  lime  in  settling  carries  Avith  it 
flocculated  and  absorbed  colloidal  matter  ])roduc'ug  a clear  clari- 
lied  juice. 

“The  coagulating  capacity  of  lime  finds  use  for  itself  in  the  mining 
industry.  Ore  slimes  are  made  to  coagulati'  and  settle  rajiidly  by 
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flocculation  with  lime.  Tlu>  efticiencT  of  the  process  is  therehj  i;reatlT 
increased  through  reducing  Ihe  time  of  oiHU'ation.  The  use  of  lime  m 
the  artificial  ice  industry  also  (h‘]»ends  upon  the  coagulating  capacity 
of  lime,  ’\^'ater  suitalde  for  artificial  ice  must  l)e  clarified  and  puri- 
fied and  the  satisfactory  process  tor  this  is  the  use  of  lime  iii  com- 
bination with  other  reagents. 

“Lime  also  finds  use  as  a flocculating  agent  in  the  rubber  industry. 
The  latex  may  he  flocculated  with  lime  and  the  clays  used  in  making 
the  compoiinding  ingredients  are  tioccmlated  with  lime  to  render  them 
suitable  as  a filh'r  for  the  rublier.  The  use  of  lime  in  the  sorghum 
industry  also  depends  upon  its  coagulating  cajiacity.  The  sorghum 
juice  is  clarified  with  lime  in  preparing  it  for  the  lioiling  operation. 
Tlie  coagulating  action  of  lime  is  also  employed  in  the  di.sposal  of 
sewage  Avhereby  tlie  sewage  is  clarified  l)y  coagulating  the  colloidal 
matter  with  lime  in  combination  with  other  chemical  sul)stances. 
f'imilai’ly  water  sup])lies  may  be  deodorized  and  deferridized.  "Wastt' 
waters  are  also  coagulated  and  disposed  of  with  the  use  of  lime.  The 
coagulating  action  of  lime  is  one  of  its  most  ini])ortant  ]>roperties 
and  its  uses  by  virtue  of  this  ]iroperty  are  very  numerous. 

“Lime  functions  as  an  absorbent  for  gases.  Being  a basic  substance 
it  will  readily  absorb  practically  all  acid  gases.  Tliis  ])ro]ierty  of 
lime  makes  it  useful  in  the  electrolytic-alkali  industry  in  which  it 
is  used  to  absorb  and  combine  with  chlorine  in  making  bleaching 
powder,  alkali  hypochlorites  and  chlorates.  It  is  the  absorbing 
capacity  of  lime  wliich  makes  it  useful  in  the  fixation  of  atmospheric 
nitrogen,  where  it  is  used  to  absorb  nitrogen  oxides  in  making  nitric 
acid.  Lime  also  finds  use  in  the  pa]»er  industry.  As  a result  of  its 
capacity  for  absorbing  gases,  lime  will  absorb  sulphur  dioxide  form- 
ing bisulphites  and  sulphites  which  are  used  for  making  ])aper  pul]). 
For  the  same  reason  lime  is  used  in  purifying  illuminating  gas  in 
which  ])rocess  it  alisorh's  sulphur  dioxide,  hydrogen  sulpldde  and  hy- 
(h-ocyanic  acid,  i-endei-ing  tlie  gas  non-corrosive  to  Itoilers  and  metal 
fixtures.  The  absorption  of  carlion  dioxide  by  lime  is  a jirocess  eni- 
])loyed  in  the  carbonation  of  sugar  juices  and  in  the  manufacture 
of  magnesia  insulating  material  and  in  the  manufacture  of  ])lienol. 
In  the  wood  distillation  industry  the  absorption  of  acetic  acid  vapor 
by  lime  ]’i‘oduces  acetate  of  lime.  Acetic  acid  may  then  lie  made  from 
Ihe  acetate  liy  distillation  with  sul])huric  acid. 

“Lime  is  a causticizing  agent.  As  such  it  is  used  in  reacting  witli 
alkali  sulphates,  cailionates  and  phosphates  forming  hydroxides. 
This  ju'operty  of  lime  makes  it  useful  in  the  paper  industry  where  It 
is  iised  for  making  caustic  soda  for  use  in  the  soda  and  sulphate  pulp 
process.  Similarly  it  is  used  iu  making  the  liases  for  hyjiochlorites 
in  the  lileaching  industry,  and  alkali  salts  in  general  in  the  inorganic 
chemical  industry.  The  various  liydiaixidi'S  made  by  causticizing 
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with  lime  can  he  comhiiied  with  the  many  acids  forming  a long  array 
of  inorganic  salts.  The  causticizing  action  of  lime  is  employed  in  fhe 
soap  industry.  Soaps  are  alkali  salts  of  organic  acids  made  from 
iij^droxides  produced  by  causticizing  with  lime.  The  causticizing  ac- 
tion of  lime  is  eniploja^d  in  the  textile  industry  also  wherein  cloth 
libers  are  mercerized  with  alkalies  jiroduced  by  the  caustic  action 
of  lime. 

“Lime  is  a hydrolizing  agent.  As  such  it  is  emidoyed  in  the  manu- 
facture of  hydrolized  glue  rvhich  is  used  in  the  prevulcanization 
treatment  of  rubber.  By  hydrolysis  of  aluminum  nifride  the  com- 
pound is  decom])osed  forming  ammonia.  This  is  a part  of  a process 
that  may  develoj)  into  an  important  means  of  fixing  atmospheric 
nitrogen.  The  hydrolytic  action  of  lime  is  also  used  in  treating  cellu- 
lose for  the  manufacture  of  material  suitable  for  making  a pulp 
clotli. 

“Lime  is  a sai)onifyiug  agent.  As  such  it  is  us(*d  in  the  treatment 
of  fafs,  waxes  and  greas(*s  whereby  organic  com]»ounds  such  as  gly- 
eerim*  may  be  “s}dit  off”  and  the  alkaline-earth  salts  of  the  fatty  acids 
]»roduced.  By  this  process  tin*  animal  i»roducts  industries  ])roduce 
glyc(‘rine.  glues,  soaps,  lubricating  greases  and  paints.  Lime  cleanses 
wool  and  unhairs  hid(*s.  Linn*  is  also  used  in  sa]>onifying  oils  and  in 
making  lubricating  greases  and  tar  products  and  for  making  roof- 
ing material  and  waterprooling  compositions.  Lime  is  used  also 
lo  saponify  organic  salts  and  in  making  organic  hydroxides  in 
the  dye  and  organic  chemical  industry. 

“Lime  is  a solvent.  As  such  it  is  used  in  tin*  treatment  of  hides 
whereby  the  cementing  material  is  disintegrated  and  removed.  For 
this  I'eason  along  with  others  it  linds  extensive  use  in  the  tanning 
industry.  Lime  will  also  diss(dve  cas(*in  and  as  such  it  is  used  largely 
in  the  cold  water  paint  industry.  Linn*  in  fused  slag  will  dissolve 
sul]>hur  and  phosphorus  and  thus  it  finds  use  in  the  metallurgical 
industry  for  purifying  steel  and  other  metals. 

“Lime  is  an  oxidizing  ag»*nt.  As  such  it  is  used  in  the  electro- 
thermic  industry  where  it  oxidizes  carbon  thereby  reducing  itself, 
forming  calcium  c;ii'bid(*.  Similarly  lime  has  been  used  in  a simple 
laborafory  way  for  making  metallic  calcium.  Of  much  more  impor- 
tance, however,  is  tin*  manufacture  of  calcium  silicide  whei’eby  lime 
functions  indii'ectly  as  an  oxidizing  agent. 

“Lime  is  a r(*ducing  agent.  As  such  it  is  used  in  the  manufacture 
of  calcium  ])croxide  by  reduction  of  hydrogen  peroxide  or  other  strong 
oxidizing  agents.  This  is  om*  of  tin*  nerver  uses  of  lime  which  may 
hav(*  im})ortant  i)ossibilities. 

“Lime  is  a lubricating  agent.  As  such  it  is  used  in  the  high  tem- 
pf'i'ature  lubrication  of  dies  in  the  drawing  of  steel  Avire.  Its  fineness 
and  refract oi  iness  make  it  especially  suitable  for  this  use. 
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“Lime  is  a liii.xiim'  aii'ent.  ^Vs  siidi  it  is  use«l  extensively  in  1lie 
liasic  0])en  hearlli  ])i'(_)eess  for  relinin,”'  ste<'!,  and  for  llie  niannfaetnre 
of  pottery  and  porcelain  in  the  ceramic  industry. 

“Lime  is  a catalyzing  agent.  It  functions  as  sucli  in  the  ]>ero.\ida- 
tion  of  alkalies  forming  such  products  as  sodium  peroxide.  It  also 
catalyzes  the  formation  of  calcium  cyananiide  in  the  action  of  cal- 
cium cai'hide  on  nitrogen.  Lime  also  catalyzes  the  vulcanization  of 
rubber,  and  tlie  hydrogenation  of  nitrogen  in  the  Haber  ]»roeess  of 
tixing  atmospheric  nitrogen.  Li  the  fusion  of  chromite  with  alkalies, 
lime  functions  as  a catalyst  in  tlie  ])reparation  of  alkali  dichromates. 
The  esteritication  of  glycerine  and  the  manufactui-e  of  chlorine  in 
tlie  Weldon  chlorine  process  also  involve  the  catalytic  action  of  lime. 

“Lime  is  an  ionizing  medium,  whereby  it  tinds  application  in  the 
production  of  metals  by  electiadysis  of  fused  metals  and  in  the  elec- 
trical method  of  sewage  disposal. 

“Lime  is  a refractory.  Its  melting  point  and  sintering  ])oint  are 
(‘xceeded  by  only  a very  few  sul)stances.  It  tinds  iise,  therefore,  as 
such  in  the  mannfacture  of  dead  l)urn(‘d  dolomite,  silica  brick  and 
the  like  as  refr.ietory  lining  for  fu’'naces  and  as  insulating  material 
for  steam  pij)es. 

“Lime  is  a ])i'eeii;ilating  agent.  As  such  it  linds  extensive  use  in 
the  ])rej»aration  of  many  inorganic  and  organic  salts,  in  the  winning 
of  metals  from  ores,  and  the  prei»aration  of  rare  earth  oxides  from 
monazite  sand,  in  the  preparation  of  absor])tion  media  such  as  iron 
hydroxide  in  the  juiritication  of  water  and  in  the  ])re]»aration  of 
colloidal  ]»igments  such  as  satin  xvliite. 

"Lime  functions  in  various  capacities  in  distillation.  Lime  is 
used  in  the  distillation  of  coal  and  oil  shale  to  ]U'oduce  ammonia 
and  ferro-cyanides  and  to  enrich  and  ])urify  the  coal  gas.  In  the 
wood  distillation  industry  lime  is  used  in  the  distillation  of  ])yro- 
ligneous  acid  in  making  aluminum  acetate,  acetic  acid,  acetone  and 
methyl  alcohol.  The  distillation  of  gas  works  lirpiors  with  lime  ]>ro- 
duees  many  thousand  tons  of  ammonia  yearly. 

“It  is  futile  to  attejupt  to  cover  in  one  brief  article  all  of  tlie  func- 
tions of  lime  as  re]*resented  by  its  manifold  uses.  It  would  not  be 
permissible,  hoAvever,  :n  any  article  on  this  subject  to  omit  the  use 
of  lime  as  a base  or  neutralizing  agent.  As  mentioned  aliove.  linn* 
is  the  queen  of  liases  and  by  virtue  of  its  conqiosition  [CaO  and 
Ca.(OH)„|  belongs  to  that  class  of  chemical  substances  called  hy- 
droxides which  will  neutralize  acids.  Lime  is  used  for  neutralizing 
resinous  acids  for  use  iu  making  varnish  and  enamels  in  the  paint 
industry,  and  for  use  in  making  stabilizing  media  for  liquid  fuels. 
Oi-es  are  neutralized  with  lime  in  ore  flotation  and  in  the  cyanide 
pi'ocess  in  the  mining  industry. 
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“Organic  acids  are  neutralized  with  lime  in  making  lubricants, 
oil  (dotli  and  candles.  Tar  acids  are  nenli-alized  with  lime  in  mak^ 
ing  ro<tling  inater'al,  hitiiininons  paint,  sniphonab'  detergents  and 
lubricants  in  the  hjdroca i-bon  indiisli-y.  The  citrate  industry  em- 
ploys the  us(‘  ot  lime  for  neutralizing  aiul  recovering  citric  acid. 
Arsenic  acid  is  neutralized  with  lime  in  making  calcium  arsenate 
in  the  insecticide  industiw.  The  manufacture  of  many  mineral  pro- 
ducts involves  the  use  ot  an  e.xcess  of  acids  Avhich  is  neutralized 
with  linu'.  In  the  dye  industry  excess  acids  must  be  neutralized  in 
th(>  manufacture  of  [)henol,  snljdionated  napthalene  and  anthracene. 
In  the  ex])losive  industry  excess  acid  is  neutralized  with  lime  in  the 
manufacture  of  nitroglycerine.  In  making  saccharified  cellulose 
such  as  sawdust  cattle  food,  excess  acid  used  in  hydrating  the  woody 
matcudal  is  neutralized  with  lime.  In  like  manner  the  acids  used  in 
pickling  steed  are  muitralized  with  lime  and  the  residual  acids  in 
Keenes  cenuuit  and  dried  leather  may  be  rectified  with  the  use  of 
lime.” 

In  the  accompanying  chart,  ])re])ared  by  the  Alational  Lime  Asso- 
ciution,  the  (diemical  uses  of  lime  aia*  classified  under  the  following 
divisions. 


the  manufacturing  industries. 


A.  Raw  materials  in 

1.  High  temperature 
cesses 

2.  Sa])onilication 
.‘>.  Dehydration 
d.  Hydrolysis 

5.  Oansticization 
(>.  Coagulation 

1>.  Sanitation 


])ro-  7.  Absorption  of  gases 

S.  High-])ressure 
!).  Distillation 

10.  Preci])itation 

11.  Xeuti-alization 

12.  Solution 

IM.  ;\lisc(dlaneous 


1.  Treatment  of  water  sup])res 

2.  Treatment  of  sewage 

3.  Misc(dlaneous  sanitary  nst's 

C.  Rurilication  of  matcudals 

D.  Food  for  animals  and  ])lants 

E.  Catalytic  ]>rocesses 

F.  Utilization  of  by-products 

G.  General  utility 

H.  IMedicine 

T.  IMiscellaneous 


l'’or  inosl  nl'  llu*  (•liriiiic;i I uses  1 iu‘  (l(‘lii;i iid  is  roi'  liliie  of  u lii^li 
(les'm*  of  imrilv,  l»u(  this  is  not  true  in  some  insluiices.  In  jicnei'al 
limestone  used  for  the  mauufaeluia*  of  chemical  liim>  should  not  cou- 
faiii  more  tlian  o per  cent  of  imiuirities.  Similarly  tluu-e  is  usually 
a ])refei'euce  for  hij^h  calcium  liiiu*,  ycd  there  are  some  casi-s  where 
a hi^h  magnesium  liiiu*  is  more  valuable  and  still  others  A\her(“  eithei' 
ty])e  is  equally  acce])tahle.  Emley^''  iiives  the  following-  table  in  which 
‘‘c”  indicates  high-calcium  lime  and  “m”  magnesian  or  dolomitic 
lime. 

( hll-wi  Tsus  OF  LlMlC. 


Agricultural  industry  ; 

As  a soil  arnendiucnt,  (■.  in. 

As  an  insecticide,  c,  in. 

As  a fungicide,  c,  in. 

Illeacliing  industry  : 

Manufacture  of  bleaching  iiowdi'r. 

"Cliloride  of  lime,”  c. 

Ijleacliing  and  renoxating  of  rags, 
jute,  ramie,  and  \arious  paper 
stocks,  c,  in. 

Caustic  alkali  industry  : 

Manufacture  of  soda,  potash,  and 
ammonia,  c. 

Chemical  industries  : 

Manufacture  of  ammonia,  c. 
Manufacture  of  calcium  carbide, 
calcium  cyanimid.  and  c.ilcium  ni- 
trate, c. 

Manufacture  of  potassium  dichro- 
mate and  sodium  dichromate,  c. 
Manufacture  of  fertilizers,  c,  m. 
Manufacture  of  magnesia,  m. 
Manufacture  of  acetate  of  lime.  c. 
Manufacture  of  wood  alcolml.  c. 
Manufacture  of  hone  ash.  c,  m. 
Manufacture  of  calcium  carbides,  c. 
Manufacture  of  calcium-light  pen- 
cils, c. 

Ill  retining  mercury,  c. 

In  dohydrating  alcohol,  c. 

In  distillation  of  wood,  c. 

Gas  manufacture : 

Purification  of  coal  gas  and  water 
gas,  c.  in. 

Glass  manufacture  : 

IMost  varieties  of  glass  and  glazes,  c. 
^Milling  industry; 

Clarifying  grain,  c.  ni. 

’iKmley,  Wan-en  E.,  MamUacliue  ami  use  of 
Pt.  II,  ijp.  io9g-15US,  Washington,  1!U  + . 


Miscellaneous  manufactures  ; 

Rubber,  c,  m. 

Glue,  c.  111. 

Pottery  and  porcelain,  c,  m. 

1 tyeing  fabrics,  c,  m. 

Polishing  material,  c,  m. 

(hi,  fat.  and  soap  manufaicture : 
^Manufacture  of  soap,  e. 
Manufacture  of  glycerine,  c. 
^Manufacture  of  candles,  c. 
Renovating  fats,  greases,  tallow, 
butter,  c.  m. 

Reinox'lng  the  acidity  of  (dls  and 
lietroleum,  c,  m. 

Lubricating  greases,  c,  m. 

Ptiint  and  xarnish  manufacture; 
(hild-xvater  paint,  c,  m. 

Retining  linseed  oil,  c.  m. 
Manufacture  of  linoleum,  c,  m. 
Manufai’ture  of  varnish.  ,e,  m. 

I’aper  industry  ; 

Soda  method,  e. 

Sulphite  method,  m. 

For  straxvboard,  c.  m. 

As  a bller.  c,  m. 

Preserving  industry  ; 

Preserxing  eggs,  c. 

Sanitation  ; 

-\.s  a disin tect a nt  and  deodorizer,  e. 
Purification  of  xvater  for  cities,  c. 
Purification  of  sexvage.  c. 

Sme'tiiig  industry; 

Reduction  of  iron  ores,  c.  m. 

Sugar  manufacture; 

Beet  root,  e. 

Molasses,  c. 

Tanning  industry; 

dbinning  cowhides,  c. 

'ranning  goat  and  kid  hiiles,  c,  m. 
Waler  softening  and  ]iurifying,  ,c. 

lime:  U.  ,S.  Ileol.  .Siirv.  yiineral  i;e.s(mrce.s,  l!ii:j 


Silica  and  alumina  are  undesirable  constituents  of  limestone  used 
for  the  manufacture  of  chemical  lime  as  they  serve  either  to  dilute 
the  product  or  else  in  burning  may  unite  to  form  insoluble  silicates 
which  have  a tendency  to  form  sinter  and  interfere  with  the  cal- 
cining of  the  carbonate.  Iron  in  any  form  is  undesirable  in  that  it 
may  behave  as  do  silica  and  alumina  and  in  addition  it  discolors 
the  lime. 

Since  the  amount  of  lime  re(piired  by  any  one  plant  is  usually  re- 
latively small,  naturallj"  there  is  rather  strenuous  insistence  that  the 
product  conform  to  the  specilications. 

Pennsylvania  is  fortunate  in  the  possession  of  several  areas  of 
high  grade  limestone  well  adapted  for  tlie  manufacture  of  chemical 
lime. 


STATISTICS  OF  USES  OF  LIME  IN  THE  UNITED  STATES. 

The  following  tables  are  from  the  chapter  on  lime  in  Mineral 
Kesources  of  the  United  States,  I'Ji'-,  published  by  the  United  States 
Geological  Survey. 


Lime  sold  in  tuv  I nifcd  l^tatcs  in  1921  and  1922,  by  uae.s. 


Cso 


nei 

ilu.liling  

.Vgricultural 

Cliemical; 

Paper  uiill-s  

Glass  worKS  

Sugar  factories  

Tanneries  

Metallurgy  

Other  uses*  

Total  chemical  

Dealers  


Hydrated  lime  (.included  in  totals) 
l*-2 

Building  . 

Agricultural  

(.hemical; 

Paper  mills  

Glass  worts  

Sugar  factories  

Tanneries  

Metallurgy  

Other  uses*  

Total  chemical  

Dealers  


Hydrated  lime  (included  in  totals)  

Pheentage  of  increase  or  decrease  of 
lime  in  1S22  


Percent- 
age of  , 

total  Short  tons 

quantity 

Value 

Total 

Average 

411.1;  e,2Sy,lSd 

$lo, 258,443 

$10.70 

11.2  , 2S:,722 

2,237,510 

t -So 

- y.ii  2*0,855 

2,207,938 

9.36 

] .7  ' 4^j,Sol 

357,795 

8.39 

.5  12,225 

161,931 

13.26 

l.y  17,811 

481,312 

1G.(X- 

<J.5  1(>4,245 

1,232,748 

7.51 

18.0  450,087 

4,372,991 

0.50 

37. y E60,104 

8,824,776 

9.19 

1.9  47,841 

574,641 

12.01 

100.0  ; 2,532,153 

24,895,370 

9.33 

702,970 

7,421,637 

9.30 

50.7  1,845,208 

18,463,825 

10.01 

7.5  2^2, <26 

2,005,082 

7.35 

8.5  . 310,229 

2,683,487 

8.65 

1.7  62,187 

463,628 

7.40 

.5  16,393 

197,878 

12.09 

1.2  42,978 

420,148 

9.78 

5.5  200,799 

1,458,553 

7.26 

22.9  834,279 

6,986,366 

S.37 

40. .3  1,466,865 

12,210,060 

8.32 

1.5  54,818 

570,072 

10.51 

100.0  3,639,617 

33,255,039 

9.14 

' 1,106,063 

0,868,980 

8.92 

-I-.39 

-133 

— 0 

‘Details  of  distribution  shown  in  following  table, 
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(Jli<  inical  lime  sold  for  "othn-  uses"  in  I'Jdl  and  ll>22. 


Use 


Refractories  

Alkalies  

Water  puriUeutioii  

Sanitation  

Calcium  carbide  -- 

Bieachiug  powder  

Calciuiu  acetate  

Silica  brick  

Saiid-linie  and  slag  br.ck  

Ammonia  works  

Uubricating-grease  manufactuio 
Coal  and  water  gas  purification 

Coke-oven  by  products  

Gas-plant  by-products  

Soap  manufacture  

Glue  manufacture  

Spraying  

Cyaniding  

Paint  manufacture  

Wood  distillation  

Sewage  purification  

Corn  products  

Gelatin  manufacture  . 

Dairy  products  

Rubber  manufacture  

Correction  of  acidity  of  oils 

Salt  refining  

Fiuur  miils  

Disinfectant  

Manufacture  of  candles  

Lndistributed§  

Unspecified  


1 Cl  r.iri 


Short  tons 

\ alue 

Short  tons 

Value 

lOI.iJW 

$1,113,010 

34S,Ss:>8 

$2,813,940 

"1 , ji'y 

’ll, 190 

4,275 

33,82:3 

71,201 

741,264 

8 7, 4.,  2 

802,353 

•^(I4S 

16,4.S) 

19,. 597 

179,849 

Ctl 

(t) 

1-,551 

131,833 

20,979 

202,308 

o,77t* 

o2,7vl 

13,. 700 

121, 7^^; 

7,127 

61,738 

11 , 767 

9.5,772 

5,4t>l 

50,851 

2^,012 

256. 2S) 

i>,iG7 

75,2iM 

11,817 

100,818 

9,5S1 

102,942 

3,975 

40,4i55 

2,10s 

24,9^1 

1,303 

1 4 , Gt‘5 

31,257 

6,370 

51 ,305 

3,5S2 

35,67  s 

6,668 

51,5j2 

14,24r 

119,3-22 

19,613 

140,1 75 

4,014 

37,129 

4,946 

lo.OOO 

G.feOU 

7U,8^0 

S,9j0 

S9 , 14o 

n,i43 

+lo , ".JoO 

;2,503 

72;3,2:-a 

2,172 

10,50s 

5,963 

16,278 

;i,422 

3.3,112 

2,073 

I7,y:n 

1,117 

9,978 

tP 

(t) 

1,2S7 

15,8i>2 

(t) 

(+) 

73i> 

2,922 

216 

2,701 

723 

10,4^55 

1,923 

23.443 

oS7 

3,917 

9:il 

12, 216 

1,072 

10,047 

1,278 

11,731 

ft) 

ft) 

225 

3,2:;i 

1.1S2 

10,223 

737 

7,110 

180 

1,701 

(t) 

(t) 

10, Ml 

101,  .573 

1-2,310 

121,610 

141,635 

1,207,100 

224,524 

1 , Sly, 348 

456, 0S7 

1,372,991 

S;>1,279 

6.9S6,:yO 

* All  noncommercial  production  emitted  and  included  in  report  on  stone  as  limestone. 

+ Included  under  “Undistributed." 

f Includes  kaisomine. 

§ Includes  in  1121  lime  used  in  the  manufacture  of  precipitated  calcium  carbonate,  indigo, 
graphite  products,  varnish,  nitrates,  food  products,  polishing  and  butfing  compounds, 
magnesia,  pottery,  textiles,  dyes,  oxygen,  medicine,  for  tlv  renovation  of  grease,  neutraliza- 
tion of  acid  waters,  distillaticn  and  dehydration  of  alcohol,  separation  of  ores,  use  in  flour 
mills,  and  for  mixture  with  wood  ashes:  in  1922,  lime  use(S  in  the  manufacture  of  precipitated 
calc-um  carbonate,  glycerin,  dyes,  oxygen,  potasli,  candles,  varnish,  corn  products,  gelatin, 
huIBng  compounds,  gypsum  products,  propnetary  medicine,  calcium  carbide,  explosives,  basic 
masrnesiun:  carbonati’,  distiilation  and  dehvdration  of  aicohoi.  ii.se  in  print  mills,  and  for 
mixture  with  evood  ashes. 

PREPARATION  OF  LIME. 

Tlie  inetliod  of  buniiiig  lime  lias  received  mmdi  jitteutioii  during 
the  last  few  years.  Tu  some  outlying  districts  in  Pennsylvania  the 
Imrning  is  still  done  in  the  ojien  (Idate  I.  1> ) liy  piling  up  alternate 
layers  of  wood  or  bitnminons  coal  and  blocks  of  limestone  so  ar- 
ranged as  to  cause  a good  draft.  When  the  fuel  is  well  ignited, 
earth  is  thrown  over  the  top. 

The  home-made  rock  kiln  has  had  Avide  use  and  in  many 

sections  there  is  one  on  almost  every  farm  Avhere  the  necessary 
lime  for  farm  use  was  burned.  These  are  now  being  abandoned  ami 
the  farmer  buys  his  lime  as  needed. 

Shaft  kilns  in  which  there  is  ;in  outer  casing  of  steel  or  stone 
.and  an  inner  lining  of  refractory  material  are  now  in  general  use. 
Rotary  kilns  similai-  to  those  used  in  Portland  cement  mills  are  also 
used  but  only  wdieii  hydrated  lime  is  produced  because  the  stone  for 
a rotary  must  be  cinshed  so  line  that  no  lump  lime  can  lie  made. 

Lime  is  imirketed  as  ground  qiiickliimc  nuslaked  lnm]i  lime,  and 
bydrated  lime.  For  some  purposes  it  is  o]dional  as  to  which  is 
ns(ul  hut  in  vertain  mannf;iclnr(*s  tho  reipureimnits  demand  one 
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inirticular  kind.  Lump  lime  is  ordinarily  shipped  in  wooden  or 
steel  barrels,  ground  quicklime  in  air-tight  iron  casks,  and  hydrated 
lime  in  paper  bags,  sacks,  or  barrels. 

Hydrated  lime  is  made  at  the  plant  by  passing  the  ground  quick- 
lime through  patent  hydrators,  of  which  there  are  two  kinds  widely 
used.  In  them  the  exact  amount  of  water  necessary  for  complete 
hydration  is  added  and  the  material  constantly  stirred  during  the 
])rocess  to  thoroughly  mix  the  water  and  lime.  The  product  is  de- 
cidedly superior  to  that  obtained  in  the  usual  ]>rocess  Avhere  lump 
lime  is  slaked  in  a box  by  stirring  Avith  a hoe.  Hydrated  lime  also 
undergoes  carbonation  or  air-slaking  more  slowly  and  can  be  kept 
longer  and  shipped  more  freely. 

A typical  flow-sheet  of  the  process  of  making  pulverized  limestones, 
quicklime,  and  hydrated  lime,  prepared  by  the  National  Lime  As- 
sociation is  reproduced  as  Figure  3.  Several  lime  plants  in  Penn- 
sylvania are  built  in  conformity  with  this  schenuc 
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Figure  3.  Flow  sheet  showing  process  of  making  pulverized  limestone 

and  lime. 


CHAPTER  II. 


LIMESTONE  RESOURCES  OF  PENNSYLVANIA 

GEOGRAPHIC  AND  GEOLOGIC  DISTRIBUTION. 

Liinesioiics  I'nirly  w(*ll  disl I'ilmtod  throughout  tlie  Stu1(‘  :il- 

1liou"h  I hero  ;ir(*  some  sootioiis  in  wliich  tlu'v  uro  .so  tliiu  or  so  iin])ur(' 
that  tlioY  ])os.soss  littlo  (‘couomio  iini>orlaiio(‘.  In  ^ciioi-al  tlio  limo- 
stou(‘s  of  value  are  oouliued  to  the  southern  two-thirds  of  tlie  Statcu 
exclusive  of  tlu'  autliraeite  i-(*oious  aud  tlu*  eastern  ]»ortion  of  the 
hitiiiuinous  coal  areas.  Tlie  lai’i.test  areas  of  ]iiji,h  «Tade  limestones 
are  in  the  central  and  sonllieasteiui  jiarts  aiid  the  ^i-eater  jirodnction 
is  from  Montgomery,  Chester,  Lancaster,  York,  Adams,  Northamji- 
ton,  Lehigh,  P.erks,  Lebanon,  l>au])hin,  Cumlierland.  Franklin, 
('enti-e  ;ind  Hlair  counties. 

The  southwestern  counties  contain  many  limestones  but  they 
are  in  general  im]»ur<‘  and  of  little  more  than  local  ini])ortance. 
Xortli  and  northeast  of  Pittsburgh  the  valuable  Yau]»ort  limestone 
is  ]»re.sent  in  sevei'al  counties  but  tlie  (|uantity  of  this  stone  avaib 
abh'  is  insigni (leant  in  com]iarisou  with  tlu>  thick  strata  contained 
in  the  southeastern  counties  nanu'd. 

Geologically,  limestones,  as  shown  in  tin*  accomjianying  table  of 
Pennsylvania  formations,  are  iiriwmit  in  each  of  the  major  gron]»s. 
It  will  readily  be  noticed,  howi'ver,  that  the  Cambrian,  Ordovician, 
n])]iermost  Silui-iau,  lowei’  Devonian,  and  Carboniferous  contain 
practically  all  (he  workable  limestones. 

The  accom]ianyiug  ma])  of  the  State  showing  the  distribulion  of 
the  ])rinei]>al  limestom*s  is  based  on  the  geologic  oeeurrenci*  in  large 
part.  A ma])  basiul  on  the  clnunical  or  ])hysical  charact(*r  or  the 
uses  for  which  tin*  limestoni's  are  best  ada])ted  is  not  ])racticable 
becausi*  of  the  variability  of  tln>  sione  and  the  variety  of  nsi's  foi' 
(he  same  stumv  A series  of  ma])s,  one  for  each  ns(‘,  would  be  neces- 
sary to  show  the  distribution  of  the  limestones  according  to  their 
adaptabilities. 

On  a general  m.-i])  it  is  not  ])ossible  to  show  all  tin'  localities  where 
(hill  limestoiu's  oiitcro])  nor  to  show  the  location  of  the  hundreds 
ol  (piarries  th.at  have  been  ojxmed.  Indeed  it  has  not  bemi  thought 
protitable  to  d(>scribe  all  tlu‘  quarries. 

The  ma])  shows  the  surface  distribution  of  tin*  Cambro-Ordovicia n. 
and  IT(*lderl)erg  (including  tin*  Tonoloway)  limestone,  and  the  various 
Carboniferous  formations  of  tin*  western  ])ortion  of  the  State.  The 
limestones  of  the  ('ambriau  and  Ordovician  are  grouped  together  be- 
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cause  of  their  similarities,  their  close  relationship  as  the  most  im- 
portant series  of  limestones  of  the  State,  and  the  additional  fact 
that  in  some  places  they  have  not  been  definitely  separated.  Their 
great  tliickness  is  responsible  for  the  formation  of  the  great  lime- 
stone valleys  of  the  central  and  southeastern  portions  of  the  State. 

Next  in  order  of  importance  are  the  limestones  of  the  Helderberg 
series  (lowest  Devonian)  and  the  TonoloAvay  (uppermost  vSilurian). 
These  liave  not  been  separated  in  some  places  and  occasionally  both 
are  worked  in  the  same  (piarry  so  that  it  seems  most  iiseful  to  map 
them  as  a single  unit.  They  are  responsible  for  minor  valleys  in 
that  portion  of  P<^nnsylvauia  where  the  rocks  have  been  greatly 
folded  and  steep  ridges  and  valleys  alternate. 

In  those  sections  where  the  Carboniferous  strata  are  developed  and 
contain  interbedded  limestoiu's  the  beds  are  flat  or  gently  dipping 
and  the  region  dissected  by  streams  that  have  cut  valleys  in  a 
dentritic  ])attern.  The  limestones  forming  a small  part  of  the  strata, 
outcro])  along  the  sides  of  the  valleys.  Only  on  very  large  scale 
maps  could  the  outcrops  of  all  the  limestones  be  shown  and  in  many 
places  the  information  for  such  maps  is  not  available  nor  could  it 
be  obtained  without  much  additional  field  work.  For  these  reasons 
it  has  been  thought  best  to  show  the  distribution  of  the  various 
formations  of  Carboniferous  age.  Limestones  are  found  in  each  of 
the  various  formations  but  as  described  in  the  text  the  Allegheny, 
Monongahela,  and  Washington  formations  contain  practically  all 
those  of  (‘conomic  importance. 


GEOLOGIC  TIME  SCALE  OF  PENNSYLVANIA  STRATA 
SHOWING  OCCURRENCES  OF  LIMESTONES. 


Age-System 

Period-Series 

Epoch-Group 

Development 
of  limestones 

Uses 

Qnatenmry 

1,1100,000 

years 

IM(‘istorene 

Historic 

Glacial 

Xo  limestones 

Tertiary 
CO. 000,000 
years 

A few  local  de- 
posits, probably  of 
tins  age,  southeast- 
ern part  of  State 

No  limestones 

( 'retaceous 
75,000,000 
years 

Sparingly  represented 
in  the  southeastern 
part  of  tlie  State 

No  limestones 

Jurassic 

40,000,000 

yeai*s 

No  deposits  of  tlris 
!igo  in  State 

Triassic 

40.000,000 

years 

Newark 

Limestone  conglomer- 
ate sparingly  devel- 
oped in  Berks, 
Bucks,  Cumberland 
and  York  counties 

Ornamental 
building  stone, 
lime. 

GEOLOGIC  TIME  SCALE  OF  PENNSYLVANIA  STRATA— Continued. 
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shales,  sandstone  and 
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Limestones  numerous 
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State,  especially  in 
soiitlnvestern 
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Thin  impure  lime- 
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Lycoming,  Potter, 
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hanna,  Tioga, 
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of  State 

Cherty  limestones 
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Agricultural 
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tural, building 
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GEOLOGIC  TIME  SCALE  OF  PENNSYLVANIA  STRATA— Continued. 
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in  thickness  exten- 
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Adams,  Bedford, 
Berks,  Blair,  P>ucks. 
Centre,  Chester, 
C'lintoii,  Cumlieiiaml. 
Dauphin,  Franklin, 
lAilton,  Huntingdon. 
Juniata,  Lancaster. 
Lebanon,  Dohigh, 
Lycoming,  Mifflin. 
Montgomery,  North- 
ampton, and  York 
counties. 

Lime  (agri- 
cultural. build- 
ing, chemical) 
flux  (doloinitic 
and  non-dolo- 
mitic),  cement, 
crushed  stone 
for  concreti' 

Cambrian 

00,000.000 

< )/arkian 
St.  Croixan 
Acadian 
Waucoban 

o __ 
''  v: 

and  road 
metal,  building 
stone,  etc. 

Peters  Creek 
schist 

Algonkian 
V years 

Keweena'wan 

Wissaliiekon 

gneiss 

Huronian 

Cockeysville 

marble 

Locally  developed  in 
Chester  County 

Lime,  flux, 
cement,  and 
building  mate- 
rial. 

Arcliean 
? years 

Laiirentian 

Franklin  lime- 
stone 

Locally  developed  in 
Berks,  Bucks, 
Chester,  and  North- 
ampton counties 

Lime  and 
building  mate 
rial. 

Koewatin 

I’iokering 

gneiss 

Baltimore 

gneiss 

CHAPTER  III. 

PRE-CAMBRIAN  LIMESTONES. 

STRATIGRAPHIC  POSITION. 

Prc'-Caiubriaii  liiuestouas,  inort*  or  U‘ss  coin|ilel(‘ly  iiietaiiioi'iilioscMl 
to  iiiarblos,  occur  in  several  localities  iii  ('lu'ster,  Bueks,  Berks,  ami 
Nortbamptoii  counties.  There  lias  been  iiuicli  discussion  coucerniuii' 
their  stratigraiihic  jmsitiou  but  as  the  i-esult  ot  liel<l  contereiices  jiar- 
ticipated  in  by  a number  of  geologists  who  are  most  lamiliar  with 
the  geology  of  the  Piedmont  IMateau  (he  tollowiug  classilicatiou  has 
been  adopted.  The  <iuoted  descriptions  liave  been  furnished  )»y  V. 
Bascom. 

Pre-Cuinhriaii  ionnaiionti  of  S'oat/oju.s'/cra  Peini.sijlraiiia. 

Late  pre-Cambrian. 

Peters  Creek  schist  ( “chloritic  sericitic  (piartz  scliists  with  chlo- 
I'ite  muscovite  schists”). 

Wissahickon  formation  ( “thorouglily  crystal  I iiu*  (piartz-felds[»ar 
mica  rock;  gneiss  and  mica  scliist.  A mica  schist  faides  Avas 
formerly  known  as  tlu'  ((ctoraro  mica  scliist  and  regarded  as 
Ordovician  in  age'’)- 

Cockeysville  marble,  (“coarsely  crystallim*,  associated  with 
gneiss  and  penetrated  by  jiegmatites”) . 

Setters  ipiartzite  (“occasional  and  limitnl  d(‘velo]uneut  of  quart- 
zite beds;  in  some  jilaces  dominantly  a mica  gneiss”). 

Early  jire-Camlu  ian. 

Franklin  limestom*  or  marble  (“coai-sely  crystalline,  Avhite  with 
graphite  and  numerous  silieate  minerals.”). 

idekering  gneiss  (banded  gneiss  or  schist  containing  lenses  of 
liighly  grajihitic  schists). 

Baltimore  gneiss  (“sedimentary,  medium  to  line  grained,  banded 
gneiss  with  igneous  intrusives.  In  some  jilaces  thoroughly 
granitized”). 

With  tin*  above  classification,  now  ado])ted  by  the  U.  S.  Oeological 
Survey,  the  writer  is  in  agreement  exce]>t  with  regard  to  the  separa- 
tion of  the  Franklin  linn'stoiu'  and  Pickering  gneiss  as  two  distinct 
formations.  Observations  at  several  jilaces  in  the  Piedmont  Plateau 
lead  him  to  believe  that  they  constitute  a single  formation  similar 
to  the  Grenville  formation  of  New  Yoi-k  and  Ganada.  Hi*  has  dis 
cussed  this  problem  in  a pri>vious  (mblicat ioid"  as  fidlows; 

1 ■^Miller,  K.  L.,  Graphite  Deposits  of  Peiinsy Ivaniti , Topographic  and  Geologic  Survey  of 
Pennsylvania.  Report  tl,  pp.  81-82.  1912. 
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“Kelation  of  the  Franklin  Limestone  and  the  Fickeriug  Gneiss. 

In  the  above  discussion  the  Franklin  limestone  and  Pickering 
gneiss  liave  been  discnssed  as  separate  formations  and  it  is  prob- 
ably advisable  to  map  them  as  such  l)ecause  of  the  different  economic 
uses  of  the  two.  Also  in  many  ])laces  there  seems  to  be  a sharp  line 
of  separation  betw(*en  them.  In  other  ])laces,  however,  it  is  not 
possible  to  draw  a shar])  line  and  we  have  calcareous  graphitic 
gneisses  that  might  with  ecpial  reason  be  ]»1aced  in  either  formation. 
We  seem  to  hav(>'  a dui)lication  of  the  Grenville  series  of  the  Adiron- 
uack  region  Avhere  limestones,  gneisses,  schists,  and  quartzites  occur 
in  almost  inextricable  relationships.  The  Avorkable  graphite  deposits 
of  that  state  are  contained  in  the  Grenville  rocks,  mainly  in  thel 
quartzites.  These  rocks  are  there  believed  to  represent  the  meta- 
morphic  products  of  calcareous  or  siliceous  shales.  A similar  ex- 
])]anation  seems  to  satisfactorily  explain  the  Franklin  limestone  and 
Pickering  gneiss  of  Pennsylvania. 

“According  to  the  above  view  tlie  two  formations  were  formed 
originally  as  contemporaneous  sediments  that  varied  in  different 
places.  In  some  localities  fairly  pure  limestone  was  being  deposited 
while  in  adjacent  regions  calcareous  muds  or  siliceous  miids  in  which 
there  was  little  or  no  calcareous  material  were  accumulating.  When 
these  sediments  Avere  later  metamorphosed  the  beds  composed  mainly 
of  calcareous  matter  formed  the  rocks  called  the  Franklin  limestone; 
the  calcareous  muds  gave  rise  to  the  calcareous  graphitic  gneisses 
observed  in  the  underground  Avorkings  of  the  Pennsylvania  and  Con- 
tinental (Acme)  mines;  the  muds  Avith  little  calcareous  matter  for- 
med the  bulk  of  the  Pickering  gneiss;  and  the  more  siliceous  sedi- 
ments formed  the  quartz  schists  such  as  occur  in  the  loAver  levels  of 
the  Continental  (Acme)  mine.  The  quartz  schist  or  quartzite  phase  is 
not  Avell  represented  in  Pennsylvania  Avhile  in  Ncav  York  it  forms  per- 
haps the  most  important  member  of  the  Grenville  series  from  an 
economic  standpoint. 

“On  the  surface  the  relations  described  above  are  not  readily  ap- 
parent because  of  the  solution  of  the  greater  part  of  the  calcareous 
matter  in  the  originally  calcareous  gra})hitic  gneiss  by  percolating 
Avaters.  We  thus  have  outcrot>piug  only  the  tAvo  kinds  of  materials, 
the  relatively  pure  crystalline  limestone  and  the  decomposed  gra- 
phitic gneiss,  consequently  the  line  of  separation  betAveen  them 
seems  to  be  rather  sharp.  Underground,  hoAvever,  Avhere  solution  has 
been  less  effective  the  tAvo  grade  into  each  other  through  the  calca- 
reous gneffes. 

“Altliougli  bedding  plones  are  not  apparent  in  the  Franklin  lime- 
stone it  seems  probable  that  the  limestone  and  gneiss  are  conform- 
able. This  conclusion  is  based  on  the  fact  that  the  limestone  occurs 
in  lenticular  masses  Avith  the  greatest  leiigth  parallel  to  the  strike 
of  the  gneiss  beds  in  some  localities  and  probably  such  relations 
Avould  be  found  to  exist  in  other  places  as  Avell  if  it  Avere  possible  to 
obtain  the  necessary  data.  If,  then,  Ave  can  ]>rove  that  the  Uvo  forma- 
tions are  conformable,  Avith  the  Franklin  limestone  intercalateil  Avith- 
in  the  Pickering  gmdss,  Ave  have  sufficient  e\ddence  for  the  aucav  ex- 
pressed aboA’e  that  the  tAvo  are  of  conteni])oraneous  origin  and  repre- 
sent merely  different  lithologic  phases  of  the  same  sex’ies  of  sedi- 
ments.” 
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FRANKLIN  LIMESTONE. 

The  Franklin  limestone,  or  the  calcareous  phase  (jf  the  Franklin 
or  Grenville  formation,  is  developed  in  several  very  small  areas  in 
Chester,  Rucks,  Berks  and  Northampton  Counties. 

Chester  County. 

The  Franklin  limestone  is  best  dev(‘lop(*d  in  Chester  County  where 
F.  Bascom  has  majtped  four  small  areas  i!i  the  Pickering  Valley  and 
three  in  the  valley  of  French  Creek.  In  addition  it  has  l)een  observed 
in  the  underground  workings  of  some  of  the  graphite  mines  of  Chester 
County  as  mentioned  in  the  above  quotation. 

The  Franklin  limestone  of  Chester  County  has  been  quarried  to 
a small  extent  for  agricultural  lime  hut  the  jiresence  of  considerable 
silicate  material  has  caused  the  abandonment  of  all  the  quarries. 

This  lime.stone  is  very  coarsely  grained,  in  eeidain  ]daces  the  indi 
vidual  particles  being  as  much  as  an  inch  in  dianuder.  Grai»hite, 
or  gra])hite  and  phlogupite,  in  small  Hakes  about  om'-eighth  inch  in 
diamettu'  art'  i-atlier  evenly  distrilmted  throughout  the  rock  hut  with 
no  regularity  or  ajtpartmt  order  of  arrangement  Avhere  other  min 
erals  ai'e  absent.  But,  in  certain  ]»laces,  the  marble  is  very  impure 
and  various  silicates,  particularly  the  basic  ont*s  are  present  and 
they  are  arranged  in  a])proximately  spherical  or  giohnlar  segrega- 
tions varying  from  a few  inches  to  several  feet  in  diameter.  The 
gra])hite  associated  with  such  segregations  is  usually  in  much  larger 
Hakt'S.  in  places  as  much  as  one-half  iiich  in  diameter.  iUany  of 
th(‘  Hakes  show  distinct  hexagonal  outlines. 

Bucks  County. 

The  only  idace  where  the  Franklin  limestone  ovitcro]»s  in  Bucks 
County  has  been  d(‘scrihed  liy  F.  Bascom''®  as  follows: 

“One  mile  southeast  of  Holland  and  three-fourths  mile  we.st  of 
Neshaminy  River  there  is  a very  small  area  of  limestone,  which, 
because  of  its  character  and  associations,  is  assigned  to  a pre- 
Cambrian  horizon. 

‘‘Tlie  limestone  is  exposed  only  in  the  walls  of  an  abandoned 
quarry,  known  as  the  Vanartsdalen  quarry,  which  was  opened  about 
fifty  years  ago  and  was  operated  for  thirty  years.  Sink  holes  in 
line  Avith  the  strike  of  the  limestone  indicate  that  the  rock  underlies 
about  to  acres.  Limestone  is  reported  in  the  bed  of  the  Neshaminy, 
Avhere  the  uoav  bridge  for  the  Pennsylvania  Railroad  crosses  that 
creek:  this  location  is  continuous  Avith  the  strike  of  the  quarry  rock. 

“The  quarry  rock  is  a coarsely  crystalline  marble,  white  Avhen  pure 
hut  usually  darkened  by  the  presence  of  graphite  and  silicate  min- 
erals. Thirty  mineral  species  have  been  attributed  to  th's  locality. 
The  most  abundant  of  the  silicates  are  the  feldspars  (orthoclase, 
oligoclase,  and  bytoAAmite),  scapolite,  titanite,  and  phlogopite ; apa- 


^*TJ.  S.  Geol.  Survey,  Trenton  Folio,  No.  167,  pp.  4-5,  1909. 
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tite  and  Ksiderite  are  also  common.  The  marble  is  surrounded  by  and 
thoroughly  injected  with  gabbro.  To  this  association  the  rock 
])robab]y  owes  its  higli  degree  of  crystallinity.  Along  the  contact 
zone  augite  and  liornl)lende  are  abundantly  developed  in  the  cal- 
careous rock,  Avhile  calcite  veins  and  inclusions  characterize  the 
igneous  rock. 

“The  limestone  of  the  Vanartsdalen  quarry  sustains  no  strati- 
graphic relations  with  any  formation,  ami  it  is  therefore  impossible 
to  detennine  with  precision  the  liorizon  to  Avhicli  it  belongs.  That  it 
is  presumably  pre-Cambrian  is  indicated  by  the  intrusion  in  it  of 
igneous  material  whicli  elsewhere  is  confined  to  pre-Cambrian  forma- 
tions. 

“in  color,  ])erfection  of  crystallization,  and  the  ]»resence  of  graphite 
and  silicate  minerals,  the  rock  resembles  the  pre-Cambrian  Franklin 
limestone  which  outcrops  TO  miles  to  the  nortlieast  in  New  Jersey, 
and  it  not  improbably  represents  a remnant  of  that  formation  left 
by  erosion.” 

Berks  County. 

In  a previous  report^®  the  writer  has  described  an  occurrence  of 
Franklin  limestone  in  Berks  County  as  follows: 

“Graphite  occurs  in  gneiss  and  Franklin  limestone  at  the  Bitten- 
bender  Iron  Mine,  one-half  mile  northeast  of  Seisholtzville.  The 
mine  has  furnished  a large  amount  of  high-grade  magnetite  ore  but 
has  not  been  ojierated  tor  several  years.  No  graphite  has  ever  been 
mined  at  this  place  but  its  abundant  and  varied  occurrence  Avarrants 
a brief  descriittion.  It  furnishes  another  illustration  of  the  intimate 
connection  existing  between  the  Franklin  Limestone  and  the  graph- 
itic gneiss  of  Pennsylvania. 

“^No  obsei-vations  could  be  made  of  the  various  graphite-bearing 
rocks  in  place  and  the  following  information  was  obtained  through 
a study  of  the  rocks  on  the  waste  heaps  near  the  mine  opening. 

“Many  specimens  of  white  crystalline  limestone  with  flakes  of 
graphite  diameter,  irregularly  disseminated,  were  seen  on 

these  waste  heaps.  The  flakes  shoAV  no  regularity  of  arrangement. 
Some  of  the  limestones  seem  to  have  been  altered  to  silicate  rocks 
with  segregations  of  augite,  graphite,  and  an  asbestiform  mineral. 

“Other  rocks  consist  of  dark  red  garnet,  hornblende,  augite,  and 
graphite.  Specimens  of  massive  magnetite  Avere  observed  in  which 
there  Avere  occasional  jjartings  of  graphite.  Some  of  the  rocks  con- 
sist of  massive  hornblende,  augite,  some  hypersthene,  and  graphite 
flakes.  Gneiss  such  as  occurs  in  other  graphite  areas  is  also  present 
in  Avhich  the  mass  of  the  rock  is  composed  of  plagioclase,  quartz, 
augite,  and  flakes  of  graphite  % inch  in  diameter.  Pegmatites  com- 
posed of  orthoclase,  quartz  and  large  graphite  flakes  are  represented 
by  occasional  specimens. 

“In  no  other  place  in  the  Btate  is  tliiu-e  such  a variety  of  graphitic 
rocks  so  that  it  is  esi»ecially  unfortunate  that  their  relations  are  not 
knoAvn.  It  is  improbable  that  any  of  them  could  ever  be  profitably 
workml  lor  graphite.” 

i®Op.  cit.,  pp.  113-114. 
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Northampton  County. 

About  iiiilos  north  ot  JJothlehoiii,  on  the  \ve^;t  t^ide  of  Moiioeaey 
Creek  au  oulcro])  of  Frankiin  liniestoiie  covers  a few  acres.  The 
limestone  is  completely  metamorphosed  to  a coarse-grained  white 
marble  containing  numerous  graphite  Hakes  and  many  silicate  min- 
erals as  in  the  localities  described  above.  It  is  intimately  associated 
with  graphitic  schist  and  gabbro  although  the  exact  relations  of  these 
rocks  cannot  be  det(U‘mim'd  from  the  outcrojis. 

A few  years  ago  a quarry  was  ojiened  ahnig  Ibe  creek  and  con 
siderable  stone  was  shi]qi(‘d  to  s<ome  of  tlie  cement  mills  in  the  vicin- 
ity that  recjuire  additional  high  calcimn  limestone  low  in  magnesia. 
The  rock  in  this  quarry  is  so  ci  ushed  and  sheared  and  contains  such 
an  unusually  large*  amount  of  silicate  minei-als  that  it  Avas  necessary 
to  discard  a considerable  quantity  of  flu*  stone  and  the  (piarry  did 
not  prove  prolitalde.  I-h-om  the  surface  indications  it  would  seem 
proluible  that  much  better  ma1(*rial  could  he  obtained  from  oth(*r 
l>arts  of  the  jiropeidy.  An  avei-age  analysis  of  50  tons  ed'  stone  gave 
I he  following  results  — h(l.-l!!,  .MgCO., — L*.l(),  Sit).,— -7. MO  (see  pp. 

IMM-liU) 

COCKEYSVILLE  MARBLE. 

There  are  several  small  areas  of  Cockeysville  marble  in  the  south- 
eastern part  of  Chester  ('ounty’  Avliere  sevei'al  mai-ble  (piarries  Avere 
long  operated.  Tn  recent  years  there  has  been  little  (piarrying  done 
and  the  large  openings  ai-e  filled  Avith  wat(*r.  Tin*  limestone  is  de- 
veloped in  the  vicinity  of  Doe  Run.  Avondale,  and  Landenberg. 

I’liss  and  Jonas-"  have  <lesci'ibed  the  region  as  folloAvs: 

“In  the  central  and  southern  parts  of  the  Doe  Run  district  lime- 
stone occurs  in  four  distinct  areas  of  irregular  co7iformation.  The 
largest  area  (*xtends  from  Duck  Run  almost  due  south  to  Doe  Kun 
village.  Avhere  the  f)utcro]>  is  jiierced  by  an  anticlinal  hill  of  resistant 
(juartzite.  From  Doe  Run  soutbAvest  to  Gi-een  Luavu  there  is  a con- 
tinuous outcrop  (d'  limestone,  and  from  Sj)ringdell  directly  south 
limestone  joining  the  Avestern  flank  of  the  <iuartzite  occurs  in  a long- 
valley  that  extends  tf)  the  soul  hern  edge  of  the  Do(*  Run  district. 

“On  the  northei-n  and  nortlu'astern  boundai-y  of  the  ([uartzite  the 
limestone  occurs  in  tAvo  small  but  distinct  outcrojis  at  Guest's  and 
Logan’s  quari-ies.  Tin*  fourth  f)ccurrence  is  a narroAv  and  irregular 
outcrop  along  a tributary  of  Di-andyAvine  Creek,  about  2 miles  north- 
east of  Logan's  quarry  and  1 mile  north  of  L'pland. 

“Except  Avhere  it  l)ord(*rs  the  ([uartzite  the  limestone  of  these  areas 
is  sui’rounded  by  the  55  issahickc)n  m:ca  gneiss,  thereby  ])i'oducing  .a 
radial  and  tinger-like  arrangement  of  the  surface  outcrops  Avhicli  is 
pa rticularly  striking. 

“Tn  the  Avondale  district  the  limestone  occupies  the  valley  of 
55Jiite  Clay  Creek  about  Avondale  and  to  the  north,  and  the  valley 
of  55>st  Branch  of  55Jiite  Clay  Creek  and  its  tributaries  near 
Landenberg.  The  ai*eas  are  not  more  than  half  a mile  Avide  and  are 

*»U.  s.  Geol.  Surv.  prof.  Paper  98,  pp.  18-19,  Washington,  1917. 
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very  irregular.  The  northern  area  extends  sonthwestward  for  about 
5 miles  from  the  center  of  the  eastern  border  of  the  Coatesville  quad- 
rangle; then  it  turns  south  and  curves  about  a hill  of  mica  gneiss 
which  lies  north  of  Westgrove;  from  that  ])oint  it  extends  south- 
ward through  Baker  and  soutlieastward  to  Avondale,  where  it  con- 
nects Avitli  two  l)elts  of  the  formation — one  from  the  east  along 
Trout  Bun  and  the  otlier  from  the  nortli.  Al)Out  a mile  south  of 
Landeidxn'g  tlunx'  is  a small  area  of  linu'stoiK*  extcmding  southeast- 
ward along  Broad  Bun  and  across  White  Blay  Breek  almost  to  West 
Branch.  It  is  not  more  than  a mih‘  wide  anywheng  and  do(*s  not 
a]»i»ear  at  i1k‘  surface  (‘xcept  at  Xevin’s  (fuarries. 

“As  there  are  no  natural  outcroi)s  of  the  linu'stfiiie,  its  extent  is 
best  determined  by  the  soil  it  makes — a red  clay  such  as  is  formed 
by  the  weathering  of  a magnesian  linu*  rock.  It  is  exposed  for  the 
most  part  in  abandoned  quarries  which  are  partly  tilled  xvith  water; 
the  rock  fonning  the  Avails  may  be  fresh  or  partly  disintegrated  into 
calcareous  sand  or  almost  entirely  covered  by  a taBis  of  soil.  In 
the  region  of  Baker  and  Avondale  there  are  large  quarries  Avhich 
are  now  l)eing  operated  in  this  rock  and  Avhich  furnish  valuable 
marble  and  building  stone. 

“The  strike  of  the  formation  ranges  between  iSl.  G0°E.  and  X.  70° 
E.  The  direction  of  dip  is  generally  southeast,  the  only  prominent 
exception  l)eing  a nortlnvest  di])  found  in  a small  (luarry  just  north 
of  Westgrove.  The  angle  of  dip  is  low,  varying  from  20°  to  25°. 

“’Where  pure  the  fresh  rock  is  a medium-grained,  highly  crystalline 
lustrous  white  saccharoidal  marble,  characterized  by  the  abundant 
development  of  various  accessory  minerals.  Phlogopite,  in  glisten- 
ing amber-brown  scales,  is  in  some  places  so  plentiful  that,  on  planes 
parallel  to  the  bedding,  the  rock  maj"  appear  to  be  composed  almost 
entirely  of  mica.  Where  the  ]»hlogo[>ite  occurs  in  smaller  flakes  it 
gives  the  rock  a variegated  appearance,  Avhich  has  Avon  for  it  the 
name  “bastard  granite.’'  Biotite,  muscovite,  tourmaline  in  large 
black  crystals,  magnetite,  apatite,  and  pyrite  are  common  accessory 
minerals. 

“Evidences  of  pressure  seen  in  the  thin  section  are  tAviuuing  of  the 
calcite  crystals,  granulation,  and  undulatory  extinction  of  the 
quartz,  Avhich  occurs  in  interlockijig  areas  forming  a mosaic  Avith 
calcite. 

“In  the  Avondale  district  tlie  thickness  of  the  limestone,  Avhich 
does  not  exceed  1,000  feet,  represents  only  part  of  the  original 
thickness;  the  remainder  has  been  removed  by  erosion.” 


Amihjscs  of  (Jockeijsville  iiiarhie. 
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All  samples  from  (luarry  along  Vhiladelphia,  Baltimore  and  AA’ashiugton  Central  Branch  of 
Pennsylyania  R.  R.  northwest  of  Avondale.  Xos.  1,  2 and  5,  white  stone,  3 b.ue  stone,  4 gray 
stone.  Analyses  1,  2 and  3 made  by  Booth,  Blair  and  Garrett,  4 by  AVelbiian  Iron  and  Steel 
Co.,  and  5 by  Bethlelieiu  Steel  Co. 
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CHAPTER  IV. 


CAMBRO-ORDOVICIAN  LIMESTONES. 

DIVISION  INTO  FORMATIONS. 

Tlie  inosl  ('.\t(‘iisi\(*  liiiu'sloiK'  scries  ot  llu'  Feloiisrs  1o  the 

( 'aiiibriaii  and  Urdnvician  sys1(aiis.  ITiTil  rc'ccail ly  llic  (‘X’idcncc  toi“ 
s(‘]>ai-atiiii;-  tla*  Candiriai!  and  Ordovician  rocks  in  INninsylvania  was 
lackinii'.  hccanso*  tli(‘  ('andiiaan  and  the  Lowtn'  and  Mid<lli‘  ()rdo\ician 
arc  almost  (*ntir(dy  com]K)S(Ml  of  linn’stom*  and  in  most  i)laccs  in 
IN'iinsyhania  fossils  arc  f(*w  in  both  sysRmis. 

The  c’coloeists  of  flic  First  (fcoloyical  Snr\'cv  of  Ibmnsylvania  ])ut 
all  these  limcstoiu's  into  a sini^le  ^roTip  called  tin*  Xo.  II  or  Auroral 
series.  The  members  of  the  Second  G(n)loj>ical  Survey  designated  the 
limestones  as  the  Xo.  II  series  although  recognizing  that  it  imdnded 
the  Calciferons,  Chazy,  and  Tienton  formations  of  Xew  York  where 
differentiations  were  mor<'  readily  made,  in  1S!)!2  the  I . S.  Oc^ologic- 
al  Survey  adopt(*d  tin*  name  “Shenandoah  limestone”  for  the  series, 
the  name  that  is  still  used  where  sufficiently  detailed  work  to  ]>er- 
mit  differentiation  has  not  bi*en  done.  The  geologists  of  the  Xew 
Jersey  Geological  Survey  have  used  ihe  t(*rm  “Kitta.tlnnj'’”  to  desig- 
nate the  same  strata. 

In  recent  yeai's  tin*  series  has  b(*(*n  car(*tnlly  studied  in  several 
places  and  divided  into  a number  of  differ<*nt  f(>rniations  as  shown  l)y 
the  accompanying  diagram. 

As  shown  in  these  sections  tin*  Gambi'o-Ordovician  limestone  series 
varies  greatly  in  thickness  in  different  parts  of  the  Slate,  tin*  recent 
estimates  ranging  from  less  than  1,0(10  to  more  than  11,000  f(*et  and 
some  of  the  earlier  as  low  as  2,000  feet.  The  charact(*idstics  also 
change  from  place  to  place  so  that  the  stratigrai»hic  units  or  form- 
ations of  one  section  may  not  be  easily  r(*eognized  in  another  section. 
However,  tln*se  limeslon(*s  ari*  so  familiar  that  a genei'al  description 
is  more  or  less  applieabh*  to  all  of  them. 

TOPOGRAPHY  OF  LIMESTONE  AREAS. 

The  ( 'and)ro-Ord(»\’ician  timestoin*s  of  I’ennsylvania,  because  of 
tbeir  gr(*at  thiekiu'ss  and  theii’  (*asy  solubility  compar<*d  with  the 
rocks  both  abov(*  and  below,  an*  tin*  most  iinportanl  valley-forming 
rocks  of  tbe  State.  Tin*  best  e.xaJiiple  of  this  is  tin*  Great  Valley 
that  extends  across  the  Stat<*,  with  a south-westerly  trend,  Irom  X(**v 
Jersey  to  iMaryl;ind  and  contains  tin*  thriving  citi(*s  of  Fan  ton.  Beth- 
lelu*m,  Allentown,  Ki'adijig.  L(*banon,  Ste(*!ton,  Gatdisle.  Chambers- 
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Inu'g,  and  scoras  ol‘  smaller  towns  and  villages.  In  New  Jersey  this 
.alley  is  designated  the  Kittatinny  Valley;  between  the  Schuylkill 
and  Susquehanna  rivers  it  is  known  as  the  Lebanon  Valle}";  and 
■soulliwestward  I'l-oin  the  Susquehanna  Liver  it  is  called  the  Cumber- 
land Vhilley.  In  iVaryland  and  Virginia  it  is  knoAvn  as  the  Shenan- 
doah Valley. 

The  widest  valley  lloorc'd  by  the  ( 'amhro-( trdovician  limestones  is 
Hie  rich  and  fertile  Lancasti'r  \hilley  A\liich  comprises  fully  one-half 
of  Lancastei-  ('ounty.  An  extension  of  this  valley  tlu'ough  York  and 
into  Adams  County  is  known  as  the  York  Valley.  In  it  arc  the 
'mjiortnnt  citii's  of  Wrk  and  Hanover.  The  beautiful  Chester  Valley 
that  extends  from  ^Montgomery  County  southwestward  through 
Chester  and  Lancaster  counties  is  narrower  than  the  others  men- 
tioned but  no  less  famous.  It  includes  the  towns  of  Conshohocken, 
Downingtown,  Coatesville,  Quarryville,  and  many  others.  In  the 
centra]  and  south-central  parts  of  the  State  a number  of  Cambro-Or- 
dovician  limestone  valleys  have  their  best  development  in  Clinton, 
Centre,  Blair,  Huntingdon,  and  Bedford  counties. 

Everywhere  in  the  State  ihe  Camhro-Ordovician  valleys  are  rich 
ngriculturally  on  account  of  the  fertility  of  the  soils  and  the  ease 
• -ith  which  they  can  he  cultivated.  All  of  the  larger,  more  con- 
tinuous ones  liave  afforded  easy  routes  for  railroads  and  for  this 
reason  many  of  the  toAvns  and  cities  located  in  these  valleys  have 
become  important  manufacturing  centers. 

The  origin  of  limestone  valleys  has  been  briefly  described  in  Cha])- 
ter  I of  this  report  but  it  may  lu'  advisable  to  describe  in  greater  de- 
lail  the  Avay  in  Avhich  the  valleys  of  the  Camhro-Ordovician  lime- 
stones have  been  formed.  All  of  them  are  found  in  that  portion  of 
the  State  lying  southeast  of  the  Allcglnmy  Front,  that  is,  in  the 
region  AAdiere  the  rock  strata  have  been  throAvn  into  great  folds, 
anticlines  (upward  folds)  and  synclines  (dowuAvard  folds).  Im- 
mediately after  the  folding,  provideil  erosion  did  not  keep  itace  Avitli 
ihe  f(dding.  tin*  anticlines  formed  tb.e  ridges  and  the  synclines  the 
\alleys  regardless  of  the  kind  of  rocks  e.xposed  at  the  surface.  In 
lime,  however,  erosion  loAvered  both,  the  ff-rmer  v.-tlleys  and  also  the 
former  ridges  to  a base  level  Avhich  Avas  not  far  from  sea  level,  heloAv 
Avhich  the  streams  could  not  cut  and  carry  away  the  resulting  debris. 
The  region  Awas  then  a featureless  Ioav -lying  plain,  termed  a peneplain, 
Avith  nothing  to  distinguish  the  former  locations  of  the  hills  and  auH- 
leys  nor  the  distribution  of  the  harder  (more  resistant)  and  the 
softer  (less  resistant)  rock  strata. 

At  a later  period  the  entire  State  of  Pennsylvania  and  surrounding 
regions  Avere  uplifted,  erosion  Avas  revived,  and  the  streams  rein- 
' igorated  sufficiently  to  carry  aAvay  the  disintegrated  ]iortions  of 
the  rocks.  When  this  occurred  the  places  AA'here  limestone  strata 
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were  exposod  wore*  loAVCM-cd  more'  i-ipiidly  lli.-iii  llic  less  snlnhle  locks 
and  they  have  ever  siiiee  riaiiained  as  valleys. 

Altliongh  the  Canibro-Ordovician  valleys  are  sncli  prominent  topo- 
g'ra])hic  features  thronghont  the  sontlieastern  and  sontli-eentral  ])or- 
tions  of  the  State  they  ai-e  not  followed  hy  the  maji  T'  streaains.  The 
larger  streams  had  estaldished  tludr  sontheasteady  eonrses  before  the' 
n])lift  that  follovaal  pmieplanation  and  with  few  (‘xce])tions  tlnw 
maintained  their  old  ehannels.  Thns  iieaidy  all  tin*  larger  sti-eams 
with  prevailing  southeasterly  eonrse's  ent  aeross  these*  limesteeiie* 
valleys  that,  in  general,  have  a noidheast-sonthwest  trend.  Minor 
streams  ocenpy  the*  litnestone  ^•alleys  bnl  th.ey  are*  not  ]»ai-tie-nlarly 
conspicnons  heeanse*  so  nineh  e>f  the  elraiiiage  e>f  these'  valle*ys  is 
by  means  of  snbtei-ram'an  e-hanne-ls,  as  ele*se-ribe*d  in  ('''haiiter  I. 

STRUCTURAL  CHARACTER. 

As  stated  above,  the  Uambi'o-Ordovieian  limestones  of  rennsylvania 
are  all  within  the  region  e>f  folded  strata.  They  were  fohleel  at 
the  close  of  the  Ordovician  period  anel  again  at  the  close  of  the 
Permo-Carboniferons  period.  In  the  Great  Valley  and  other  valleys 
lying  to  the  soiitheast  the  folding  was  intense*  and  in  many  ])laces 
the  beds  were  broken  and  dis]»laced.  In  these  sections  complex 
folds  and  faults  are  so  nnmernns  that  it  is  not  ])Ossil)le  lo’  determim* 
the  actual  strnctni-e  except  along  streams  where  there  are  continnons 
exposures.  It  is  difficult  to  trace*  any  one  bed  from  ontcro]*  to  out- 
crop and  consequently  no  e>ne  has  been  able  tlms  far  to  estimate 
the  thickness  of  these  limrstom*s  evith  any  fair  degree  of  cei'tainty. 
The  figures  of  thieleness  given  in  the  table  are  admitteilly  mere  a]v 
proximations. 

The  Cambi'o-Ordeivieian  limestones  in  the  central  part  of  the  State 
have  likewise  lieen  folded  ;rnd  fanll(*d  but  to  a considerably  less 
degree.  Even  there  strata  are  found  with  the  individual  b(*ds  verti- 
cal or  even  overturned  but  1he  eomiilexity  gradually  deereas(*s  west- 
ward to  the  Allegheny  Front  and  the  structural  fealnr(*s  can  be 
more  readily  determined. 

As  would  be  exi'ected  the  amount  of  jointing  present  in  th(*se 
Limestones  varies.  In  many  places  the  joints  are  so  numerous  and 
so  close  together  that  it  is  impossible  to  obtain  blocks  for  structural 
jnirposes.  A short  distance  northwest  of  Lancast(*r  a steam  shovel 
has  been  operated  in  a limestom*  quarry  without  any  previous  blast- 
ing of  the  rock.  Almost  everywhere  in  the  State  the  Gambro-Oialo 
vician  limestones  are  clo.'-ely  jointed,  yet  on  the  other  hand  there  are 
numerous  localities  where  good  Imilding  material  is  obtainable.  The 
beds  that  have  been  most  f(tld(*d  and  faulted  naturally  contain  more 
joints. 
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LITHOLOGIC  CHARACTER. 

The  ( ';unl)r()-(  )i  (lovician  limestones  of  I'emisylvania  exhibit  prac- 
tically all  the  variati(ms  in  lithologic  features  that  are  found  in 
limestones.  \V(>  liml  Hiick  massive  beds  and  thin  shaly  beds;  lime- 
sloiK'  conolonuu-ates.  linu'stone  br(‘ccia,  edgewi.se  conglomerates, 
oolitic  and  occasionally  ])isolitic  limestones;  blue,  gray,  white,  buff, 
ami  almost  black  limestom's;  limestones  with  so  large  a proportion 
of  sand  grains  that  it  is  ojitional  wludher  tlnw  be  called  arenaceous 
li]nest()U(‘s  or  calcareous  sandstones,  and  limestones  that  grade  into 
shales  by  the  large  admixture  of  mud  ; hard,  compact  limestones 
and  jiorous  cavenious  ones,  and  in  one  place  near  Annville  unconsoli- 
dated calcareous  material  that  resembles  finely  ]>nlverized  limestone; 
i-i])ph‘-niarked,  sun-cracked,  and  rain-pitted  limestones  and  those  in 
which  there  are  no  evidences  of  shallow  water  deposition;  and  lime- 
st(Mies  in  which  cheid  nodules  and  siliceous  concretions  are  abundant. 

Of  special  importance  is  the  variation  in  flu*  metamorphism  or 
marmorization  of  the  Cambro-Ordovician  limestones  of  the  State. 
Commonly  a certain  amount  of  crystallization  is  evident  but  in  many 
places  the  stom*  has  been  transformed  into  excellent  marble.  In 
g(uieral  the  l»est  marbles  of  these  periods  are  found  in  the  closely 
folded  strata  southeast  of  the  Great  Valley  but  locally  in  other 
places  the  metamorphism  has  been  sufficient  to  conv(*rt  tlie  limestone 
into  marble. 

PALEONTOLOGIC  CHARACTER. 

Throughout  the  State  the  Cambro-Ordovician  limestones  are  char- 
acterized by  the  paucity  of  fossils.  This  is  particularly  true  of  the 
limestones  of  the  Great  Valley  and  regions  lying  to  the  southeast. 
Fossils  are  somewhat  less  rare  in  the  central  and  south-central  por- 
tions of  the  State  but  an*  markedly  deficient  in  comparison  Avith 
bials  of  similar  age  in  New  York  and  elscAvhere.  The  Ordovician 
members  contain  more  fossils  than  the  Cambrian  and  in  certain 
restricted  localities  certain  layers  are  Avell-tilhal  with  crinoid  stems, 
brachio])ods,  bryozoa,  trilobites,  mollusca,  etc.  The  gem'ral  scarcity 
of  fossils  together  with  the  com])licat(*d  structure  has  made  the 
stratigra])hic  study  of  these  limestones  v(u-y  difficult. 

CHEMICAL  COMPOSITION. 

Any  generalization  concerning  the  chemical  com])osition  of  the 
Cambro-Ordovician  linu'stones  might  be  misleading.  The  most  com- 
mon characteristic  is  their  extreme  variability  in  the  quantity  of 
each  of  the  ordinary  constituents  of  limestones. 

The  greatest  variation  is  in  the  ({uantity  of  magnesium  carbonate. 
This  ranges  from  a fraction  of  1 per  cent  to  48  per  cent,  exceeding 
the  quantity  present  in  the  theoretical  composition  of  dolomite. 
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The  lower  strata  (Cambrian)  almost  (‘verywhere  are  highly  mag- 
nesian and  the  upper  (Ordovieian ) beds  less  so,  yet  one  linds  occa- 
sional low  magnesian  limestones  in  the  lower  members  and  also  high 
magnesian  beds  in  the  upi)er  strata.  Active  .search  has  been  made  in 
these  limestones  tor  d(jlomites  tor  use  in  open  heairth  tuinaces  and 
for  low-magnesian  beds  for  cement  and  chemical  uses.  The  efforts 
expendc“d  in  both  directions  have^  bc'cm  rc‘\\  aialed. 

A.  S.  iIcCreath,  chemist  of  the  Second  Geological  Survey,  made 
a most  careful  study  of  these  limestones  along  the  right  bank  (d'  the 
Susquehanna  Kiver  oi)posite  Harrisburg.  His  results  are  given  in 
Report  H.fl.  pp.  iHl-dbl.  The  range  of  MgCOg  was  from  (1.5  per 
cent  to  3b. 75  per  cent.  His  conclusions  were  as  follows: — 

"1.  Taking  115  beds,  with  a total  thickness  of  371  feet,  from  the 
lower  middle"  part  of  the  great  magnesian  limestone  formation  No. 
II — tlu‘  "Calciferous  Sandstone"  of  New  fork,  and  prol)al)ly  of 
Siluro-Cambrian  age — and  sul)jecting  them  individually  to  chemical 
analysis,  tlu-y  ai-e  seen  to  belong  to  two  inarked  lithological  si>ecies; 
one,  a limestone,  carrying  3 or  3 per  cent  of  magnesia  carbonate  and 
1 or  - per  cent  of  insoluble  materials;  the  other,  a dolomitic  lime- 
stone, charged  with  from  35  to  35  pm*  cent  of  magnesia  carbonate  and 
an  average  of  over  7 per  cent  of  insoluble  matter,  rising  in  some  cases 
to  10  and  15  per  cent  or  even  more. 

“3.  These  two  species  alternate,  not  in  the  same  bed,  but  in 
separate  beds,  sharply  distinguished  from  each  other  and  traceable 
across  the  exposure,  a distance  of  from  SO  to  100  feet. 

“3.  The  planes  of  separation  are  in  most  cases  those  of  ordinary 
deposition. 

•’1.  AT)  current  or  cross  or  false  bedfling  is  \*isible. 

“5.  Some  of  the  beds  of  both  species  are  only  a few  inches  thick ; 
others  are  G or  S feet  thick ; and  there  seems  to  be  no  rule  connecting 
either  species  with  the  thin  or  with  the  thick  beds. 

“6.  Sometimes  a bed  of  limestone  only  5 or  G inches  thick  crosses 
the  exposure  betw(*en  two  efpialiy  thin  beds  of  dolomite;  yet  there 
is  no  appearance  of  gradation  in  the  deposits,  nor  in  their  chemical 
eomposition.  The  same  percentages  of  carbf>uate  t>f  magnesia  art* 
found  at  both  extremities  of  the  exposure. 

“7.  In  a few  cases  there  is  a decided  difference  in  the  amount  of 
magnesia  at  one  or  other  end  of  the  exposure;  but  whether  this 
be  due  to  some  error  in  the  investigation,  or  to  a radical  change  of 
comptjsition  along  the-  bed  which  exhibits  it,  is  not  certain. 

'‘S.  There  are  thick  masses  of  limestone  strata  Avilh  comparatively 
thin  magnesian  layers  in  their  midst;  and  vice  versa,  there  is  some- 
times a consiflerable  thickness  of  magnesian  rock  parted  by  thin 
layers  of  nearly  pure  limestone. 

“9.  There  are  a few  layers  of  an  intermediate  species;  but  these 
are  not  numerous  enough  to  destroy  the  remarkable  and  sudden 
contiasts  of  alternate  layers  of  liim*stone  with  3 or  3 per  ccTit  of 
magnesia  and  layers  with  35,  30,  35  or  more  per  cent.  In  fact  the 
extreme  limits  are  often  directly  and  repeatedly  in  contact  with 
each  other. 

“10.  The  largest  percentage  of  silica  and  alnmina  is  almost  in- 
variably found  in  the  high  magnesian  layers." 


Analyses  of  the  material  obtained  in  a test  drilling  at  Steuben's 
Switch,  Northampton  County,  about  5 miles  north  of  Bethlehem, 
show  the  same  type  of  variation.  The  strata  penetrated  by  the 
drill  belong  to  the  Beekmantown  formation  and  are  folded  in  a 
f'ighly  complex  manner.  Individual  beds  are  sufficiently  low  in 
magnesium  carbonate  to  i>erniit  their  use  for  cement  but  others  are 
practically  ]>nre  dolomites. 

Aiialyscfi  of  spctiom  of  Bceknunifou-n  Umei^tonc  (hill  core  near 
StC'uheiis  Switch,  Northaiiiptoii  County. 

[R.  K.  !Meafle,  Aralyst] 
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Certain  members  of  the,  ('amhro-t)rdovician  limestone  series  con- 
tain considerabh'  alnmiiious  material,  so  that  rocks  grade  between 
limestone  and  shale.  The  shaly  layers  are  always  high  in  silica. 
In  many  })laces  the  siliceous  and  aluminous  matter  has  been  meta- 
morphosed to  sericite  (called  da-nionritc  by  the  geologists  of  the 
Second  Geological  Survey  of  Peunsylv-ania) . In  Northamjiton,  Le- 
high and  Berks  counties,  the  uppermost  member  of  the  Ordovician 
limestones,  the  Jacksonbnrg  formation,  is  highly  argillaceous  and 
low  in  magnesian  carl)onate.  It  is  the  best  stone  in  the  State  for 
the  manufacture  of  Portland  cement,  for  which  pui-jose  it  has  been 
extensively  used.  This  formation  is  described  in  detail  in  a separate 
cliapter  on  Portland  cement. 

The  amount  of  silica  varies  likewise  in  the  Cambro-Ordovician 
limestones.  In  places  occasional  beds  composed  almost  entirely  of 
silica  constitute  distinct  sandstone  layers.  Nodules  and  even  more 
or  less  continuous  bands  of  black  flint  are  present  in  many  places. 
Howev^er,  most  of  the  silica  present  is  in  combination  with  alumina 
as  aluminum  silicates.  In  quarries  worked  for  fluxing  materials 


the  preseiiee  of  ;i  hiiilily  siiieeuiis  ])ed,  iiil(-rsti-atilied  witii  tliose  of 
low  siliea.  contenl.  renders  tlie  whole  de])osit  iiiiieh  h‘ss  (h'sirahle. 

Snlphnr,  ]dios]dioriis,  maiiiiaiiese,  and  many  otlnn-  eonstiTnenTs 
are  prc^seiit  in  these  linu'sfones  hut  in  almost  (Oei-y  ease  in  ne^li^ible 
([iiantity. 

USES. 

"riie  linnesione  indnslry  of  the  lSaat(‘  is  larj^cdy  based  on  the  Cambro- 
bti'dovieian  jimestom‘s.  Lo\\'  and  e\en  modeiaitel}'  high  siliea  lime- 
stones, both  high  and  low  in  their  magnesian  content.  hav('  been  (*x- 
fensively  (piarri<'d  for  llnxes.  iS'cnudy  all  the  iron  furnaces  in  the 
eastern  half  of  the  State  have  in  the  past  obtained  the  major  portion 
of  then'  llnxing  limestones  from  these  strata  but  latcdy  increasingly 
larger  (tuantities  have  lunm  brought  in  from  other  regions.  In  recent 
years  careful  sceai'ch  has  been  made  in  Pennsylvania  for  low-silica 
dolomites  for  o])en  lu*arth  use,  and  has  l)een  snccesslul. 

Most  of  the  lime  ]»rodnc(Ml  in  the  State  is  made  from  Cambro-Ordo- 
vician  limestones  and  loi'  this  purpose  both  low  and  high  magnesian 
materials  have  been  (unployed. 

'^rhes(“  same  limestones  ha^■e  furnished  most  of  the  crushed  lime- 
stone foi-  th(‘  liighways  of  the  State*  and  considen-able  has  been  shiiejied 
to  other  st;ites.  In  almost  every  case  tlu‘s(‘  limestones.  (*xc(*]»l  where 
very  shaly,  will  meet  the  rigid  s]iecitications  ed'  the  State  Highway 
Department.  Crushed  stone  for  concrete,  and  ballast  and  pulvei-ize-d 
stone  for  fei'tilizing  :ind  tiller  jturjioses  have  bemi  obtained  from  tlu‘se 
limestones. 

Ia)cally  these  strata  can  be  utilized  for  the  manufaci nre  of  Port- 
land C(‘men!  but  in  most  ])lac(*s  they  cont.ain  too  much  magnesium 
carhonati*.  A iiai-row  band  of  limestone  low  in  aj'gillaceons  matt('r 
that  (‘.xt(‘nds  continnousH’  aci'oss  Xoi'l hampton  t'onnty  and  ])art  of 
I.ehigh  County  and  in  a few  ])lac(*s  in  Pei'ks  (’onnty  has  been  (*x- 
tensi\’(‘ly  (juari'ied  loi'  cem(‘ii!  maiinlactui'e  and  soim*  unusually  ])iire 
liniesf(»ne  in  tlie  L(‘l'a.non  district  has  snipilied  the  high  gi-adc*  stone 
i-ecpiired  by  some  of  tin*  c(‘ment  com])anies  of  the  State. 

H'he  Cambro-Ordo\'ician  limestones  li.-u'e  furnisln*d  mnch  h*ss  strnc- 
tni-al  mat(*rial  than  one  might  exix-ct  fi'om  theii'  acccssibilii  v.  Com 
))a]'ativ(*ly  (pmri-ies  have  been  o]K*ned  primai'ily  foi-  building 

stom*.  The  ]u-inci]ial  i'(>ason  foi-  this  is  the  close  s])acing  ol'  joints 
and  tin*  irregularity  i]i  lhickm*ss  of  tin*  lieds.  Y(*ars  ago  sonn*  highly 
d(*si]'able  nmrbh*  was  (pnu'ried  in  the  Chest(*r  A'alh*y  and  it  is  jmob- 
able  that  other  regions  where  the  metamorphism  has  be(*n  sev(*i'(* 
might  yield  marble  of  good  grade. 

In  Chester  and  IMontgoTuery  counties  thei'e  an*  sevei-al  (piari'ics 
in  strata  of  this  age  Avhere  low-silica  dolomites  lia\  (*  Ik  en  obtained 
for  the  extraction  of  magnesium  carbonate. 
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DESCRIPTION  OF  INDIVIDUAL  AREAS. 

In  the  description  of  the  Cambro-Ordovician  iiniestones  of  differ- 
ent regions  it  lias  seemed  best  to  adopt  a geographic  arrangement 
altliongli  it  is  recognized  that  there  are  so)ne  objections  to  this.  The 


grouping  is  as  follows: — 

1. 

Bucks  County. 

7. 

Cumberland  and  Franklin 

2 

Montgomery  and  Chester 

counties. 

counties. 

8. 

Lycoming  and  Clinton 

3. 

Lancaster  County". 

counties. 

4. 

York  and  Adams  counties. 

9. 

Centre  County. 

5. 

Northampton,  Lehigh  and 

10. 

Huntingdon  and  Blair 

Berks  counties. 

counties. 

0. 

Lebanon  and  Dauphin  coun- 

11. 

Bedfo]‘d  County. 

ties. 

1 •> 

IMifflin  County. 

13. 

Fulton  County. 

BUCKS  COUNTY. 

The  two  areas  of  Cambro-Ordovician  limestone  in  Bucks  County 
belong  to  the  Great  Valley  type,  like  that  in  Northampton  County. 

One  area  is  in  the  extreme  northeast  corner  of  the  county  and  ex- 
tends southwestward  from  tlie  Delaware  Eiver  near  Eiegelsville  in 
a narrow  l>and  averaging  about  one  mile  wide. 

All  limestones  of  this  region  s(‘om  to  be  of  Cambrian  age  and 
belong  to  the  Tomstown  and  Conococheague  (Allentown)  formations. 
They  are  dolomitic  and  in  must  ]daces  high  in  silica.  Many  shaly 
beds  containing  much  aluminum  silicate  are  interstratifled  with  the 
more  massive  beds. 

Formerly  these  limestones  were  quarried  in  a number  of  places 
for  lime  and  flux  but  in  recent  years  have  only  been  worked  in  a few 
places  for  road  metal.  A small  quantity  of  building  stone  has  also 
been  quariahal.  The  Durham  magnetite  iroji  mines  that  were  operated 
for  many  years  are  in  an  area,  of  gneiss  adjoining  the  limestone  and 
the  furuac(‘s  where  the  ore  was  reduced  are  nearby.  All  limestone 
used  foi-  flux  came  from  this  region.  In  one  of  these  (juarries  a cave 
was  discovered  about  100  yc'ai's  ago  in  which  were  found  a number 
of  bones  of  Pleistoc(‘ue  mammals  representing  several  species  no 
longer  inhabiting  the  region. 

Limonib*  iron  ore  was  mined  in  this  valley  in  several  places  and 
one  of  these  old  pits  has  in  retamt  years  been  workcal  for  umber. 

The  second  and  somewhat  larger  limestone  area  extends  from  the 
Delaware  Diver  about  two  mih*s  north  of  New  Hope  in  a soxitliAvest 
direction  to  Furlong  (Bushington)  about  three  miles  southeast  of 
Doylestown.  The  area  is  about  10  miles  long  and  averages  about 
Db  miles  wide. 
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This  baud  is  suiTuuudud  by  Triassic  sediments  and  the  liniesluues 
are  brought  to  the  surface  by  a fault  witli  a displacement  of  not  less 
than  11,000  feet,  ^’o  doubt  these  iiinestones  are  distributed  through 
other  portions  of  the  county  but  elsewhere  are  deef»ly  covered  wdth 
the  thick  Triassic  shales  and  sandstones. 

iXumeroiis  q\iarries  liave  been  opened  in  this  region  for  stone  to  be 
burned  for  lime  bin  ijj  recent  yea.rs  tlie  local  industry  has  greatly 
declined.  Considerable  crushed  stone  has  been  made  from  these 
strata.  In  two  places  some  of  llie  limestone  has  been  pulverized  for 
agricultural  uses  or  for  asphalt  tiller. 

The  Cambro-Ordoviciau  limestones  of  Bucks  County  are  of  no 
special  importance.  Th(*y  will  don’otless  continue  to  be  worked  in  a 
small  waj'  for  agricultural  lime  and  pulverized  limestone,  for  crushed 
stone,  and  building  stone  for  foundations. 


Aitdljjtsc.s  of  Bucks  Vouuty  liiiicstoiic. 
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53.49 

JIgCOa _ 

42.]1 

P.BT 

40.32 

i^iO-2  - . _ _ . . . . 

_ 

E('-03  _ . _ - _ 

1.10 

1.  (Quarry  of  Ely,  21  miles  iioitlnvest  ol'  Xoav  Hope  and  1 mile  west  of  river 

road.  Analysis  of  composite  sample  Ity  Delaware  Hicer  Steel  Co, 

2.  Quarry  of  Herbert  Havens,  Limeport,  2^  miles  above  New  Hope,  along  river  road. 
Average  of  10  analyses  of  samples  taken  over  entire  quarries  and  analyzed  by  the  Delaware 
River  Steel  (’o.,  Chester.  Da. 

These  samples  are  believed  to  be  from  the  lower  ijortion  of  the  Cambro-Urdovieian  lime 
sbuies. 


MONTGOMERY  AND  CHESTER  COUNTIES. 

Chester  Valley. 

The  ('amtiro-Ordovician  limestones  of  Montgomery  and  ('hester 
counties  occu]»y  (’hester  Valley,  one  of  the  most  cousf)icuous  and 
continuous  toi)ogra[)hic  features  of  this  portion  of  the  State.  The 
valley  e.vtends  from  near  Willow  drove,  Montgomery  County,  in  a 
soutliwesterly  direction  almost  (iO  miles  entliady  across  Chester 
County  1o  t^uarryvilh*,  in  Lancaster  (iounty,  whei-e  it  joins  tin'  great 
Lancaster  ^'alley.  This  valley  has  long  l)e(m  famous  tlirougiiout 
the  IMiiladelphia  region  for  its  natural  iHaiuty.  It  contains  the 
towns  of  I'lymoutli  Meeting,  (_’onshohocken,  I toAvningtown,  Coates- 
ville,  l*a]-kesl)urg,  Pomeroy,  Atgitm  and  numei-ous  small  settlements. 
As  far  as  Downingtowii  it  averages  about  h'j/2  miles  in  width  but 
from  (’oatesville  to  (,>uarryville  it  is  almost  everywhere  less  than  one 
mile  wide.  The  valley  is  normally  bordered  on  the  south  by  hills  of 
mica  schist  and  on  the  north  by  ecpmlly  prominent  hills  of  (piai'tzite. 
Other  ty]H‘s  of  rocks  aia*  in  contact,  with  these  limestones  in  a f(*w 
[)taces.  In  aluujst  every  case  the  contiguous  rocks  are  moj-e  resist- 
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ant  to  erosion,  hence  they  form  the  hills  and  the  limestones  underlie 
the  valley.  Geologic  structure  has  brought  some  areas  of  other 
rocks  within  the  valley  but  very  few  outliers  of  the  limestones  are 
exposed  in  the  adjoining  I’egions.  Due  to  faulting  there  is  a small 
detached  area  of  these  limestones  in  Huntingdon  Valley  extending 
from  Bethayres  to  Somerton  but  so  far  as  known  the  strata  are 
(‘V(*rywhere  covei'cnl  l>y  surface  debris.  These  rocks  have  lieen  found 
in  excavations. 

Character  of  limestone. — Chester  Valley  lies  within  that  j)ortion  of 
the  State  where  all  of  the  rocks  have  undergone  intense  metamor- 
phism, and  the  structures  are  complex.  The  limestones  have  been 
altered  to  marble  and  many  new  minerals  were  formed  during  the 
metamorphic  process.  The  principal  accessory  minerals  in  these 
metamorphosed  limestones  are  phlogopite,  graphite,  pyrite,  siderite, 
and  feldspar.  The  degree  of  meta morphism  decreases  from  east  to 
west. 

Fossils  have  been  foiind  in  only  a very  few  places  in  the  valley 
and  consequently  the  exact  correlation  of  the  strata  has  not  been 
determined.  In  the  Philadelphia  folio^^  and  also  in  the  unpublished 
geologic  map  of  the  Phoenixville  quadrangle,  F.  Bascom  has  not  at- 
tempted any  division  of  these  limestones  but  groups  them  all  iinder 
the  head  of  Shenandoah  limestone.  In  the  Quarryville  district 
Stose  and  .lonas  designate  the  strata  there  present  as  the  Conestoga 
limestone  which  they  regard  as  probably  of  Chazy  age.  Near  Hen- 
derson Station  some  poorly  preserved  fossils  have  been  found  that 
seem  to  belong  to  the  Lower  Ordovician  (Beekmantown).  In  our 
present  state  of  knowledge  it  is  necessary  to  consider  all  of  the  lime- 
stones of  Chester  Valley  as  a unit  although  recognizing  the  prob- 
ability that  eventually  sufficient  information  may  be  obtained  to 
'warrant  their  division  into  several  formations. 

Dr.  Bascom  describes  intercalated  beds  of  siliceous  or  micaceous 
schists  associated  with  these  limestones,  especially  in  the  western 
part  of  Chester  County.  Near  Pomeroy  and  Quarryville  there  is 
considerable  conglomerate  that  Stose  and  Jonas  regard  as  character- 
istic of  the  Conestoga  limestone  which  they  describe  as  “made  up  of 
thin-bedded  dark  slaty  limestone,  coarse  conglomerate  or  breccia  of 
limestone  and  marble  pebbles  and  fragments,  thin-bedded  blue  crys- 
talline limestone,  and  thin,  dark  graphite  slate.”  Both  blue  and 
white  limestones  are  common  and  are  interbedded.  The  wdiite  varie- 
ties are  more  coarsely  crystalline.  Calcite  and  quartz  veins  are 
abundant  in  most  of  the  limestone  of  the  valley  but  this  is  not  uni- 
versal. 

Solution  cavities  are  numerous  and  Avhen  filled  with  clay  are  de- 
cidedly objectionable.  At  Port  Kennedy,  near  Valley  Forge,  a cave 


21TJ.  S.  Geol.  Survey  Geol.  Atlas,  Philadelphia  folio  (No.  1G2),  1909. 
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discovered  in  a quarry  yielded  a number  of  bones  of  Pleistocene 
mammals.  S(‘veral  limonite  iron  ore  deposits  ocrnpvin^  solution 
pits  in  the  limestone  were  worked  manj'  yeai'S  ago.  ('ommonly  tlie 
lime.stones  are  covered  with  several  feet  of  residual  day.  in  itlaees  so 
thick  as  to  make  it  unduly  exi»ensi\ c to  ojien  a quarr;. . 

The  limestones  of  Chester  Valley  show  wide  variations  in  tli(‘ir 
physical  and  chemical  jiroperties  and  have  Ix-en  <*xtensi\ ;-ly  quarri(*d 
for  a variety  of  a])plications. 


Marble. 

At  one  time  there  was  an  important  marble  quarrying  industry 
in  Chester  Valley.  Marble  from  this  region  was  in  great  demand  in 
Philadelphia  and  surrounding  regions.  It  Avas  used  in  tlie  con- 
struction of  Girard  College,  tlie  C.  t'nstom  House  in  Philadidphia. 
and  other  prominent  buildings.  The  Washington  sarcojihagi  at  iMt. 
Vernon,  and  the  Pennsylvania  marble  blocks  in  the  Washington 
Monument  are  made  of  Chester  Valley  marble. 

At  iMarble  Hall,  about  3 miles  northeast  of  ( 'onshohocken,  thei'e 
are  three  abandoned  marble  quarries.  In  the  -lournal  of  the  Franklin 
Institute  of  Sept.  18(17,  Theodore  D.  Kand  gives  the  following  de- 
scription of  one  of  these  quarries. 

“About  three-ijuarlers  of  a.  mile  Avest  of  Barren  Hill,  at  Marble 
Hall,  is  the  remarkable  quarry  of  i>.  O.  Hitner.  Esq.  Thi'--  bud  of 
marble,  an  alteriul  Auroral  or  Trenton  limestone,  devoid  of  fessils. 
is  nearly  perpendicular,  dipi)ing  S.  20°,  E.  85°.  The  quarry  itself 
is  about  sixty  feet  Avide  at  the  top.  probably  four  hundred  bad  long 
and  nearly  or  quite  three  hundred  feet  deep.  The  aA'crage  thickness 
of  the  bed  of  Avhite  marble,  AA’hich  is  of  very  line  quality,  is  about 
eight  feet,  but  in  one  i»lace  it  A-idens  to  tAventy.  Near  the  bottom  of 
the  quarry  the  bed  of  marble  bends  almost  horiz(>ntally  to  the  south- 
southeast,  some  fifteen  or  tAventy  feet,  then  again  resunu's  its  original 
direction.  A feAV  arches  of  tin*  marble  have  been  left  to  ])revent 
the  falling  of  the  OA'erhanging  sid(*  of  this  vast  and  dangei'ons-looking 
chasm.  Whatever  the  ideasma*  Avith  which  one  may  exjilore  its 
depths,  there  is  a great  feeling  of  relief  on  safely  emerging  from  it. 
A remarkable  feature  of  this  quarry  is.  that,  although  so  deig)  and 
in  limestone  rock,  very  little  Avater  occurs;  a comparativ(dy  small 
pump  keeps  it  ahvays  dry  enough  for  convenient  quari  ying. 

“Exce])t  the  marble,  this  quarry  produces  litth^  of  uot("  to  the 
mineralogist.  Some  tAventy  years  ago  a mass  Avas  detached  and  the 
usual  hoisting  apparatus  a])plied,  whicli  gave  Avay.  It  Avas  re- 
paired but  again  the  same  result  folloAved,  Avhen  it  av;is  found  that 
the  mass  Avas  far  heavier  than  the  marble  Avhich  they  had  suiqiosed 
it  to  be,  and  from  Avhieh  it  could  not  be  told  by  the  (*ye — it  Avas 
sulphate  of  baryta  or  lieuAw  spa)-,  the  specific  gravity  of  A\hieh  (4.3 
to  4.7)  is  nearly  double  that  of  niarl)le  (2.5  to  2.7),  so  (hat  Avhile 
a cubic  yard  of  the  latter  Avould  Aveigh  about  4200  pounds,  the  same 
bulk  of  the  former  would  weigh  over  7500.” 
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Olio  of  the  ]\Iarl)le  Hall  quarries  Yielded  a,  dark  Idue  marble  of 
good  quality.  If  one  may  judge  from  the  ]iile  of  refuse  about  the 
pits  there  was  not  much  loss.  The  stone  in  the  blue  marhle  quarry 
shows  some  close  folding. 

Shainline’s  ([narry  at  Tlenderson.  and  Henderson’s  quarry  one- 
half  mile  south,  haye  both  yielded  a fair  grade  of  marlile  similar 
to  the  Marlde  Hall  stone  and  may  represent  the  same  horizon.  In 
the  Lukens  and  Yerkas  quarry,  one-third  mile  southeast  of  Henderson 
there  is  a band  of  marble  xiresent  but  it  is  quarried,  along  with  the 
other  beds,  for  flux. 

A (luariT  three-fourths  of  a mile  southeast  of  King  of  Prussia 
was  until  recently  workial  for  marble  and  yielded  light  gray  and 
dark  blue  stones  that  w(*re  used  for  monuments  and  ornamental 
I'urposes.  The  sawing  and  ])olishing  mills  have  now  been  dismantled 
and  the  entire  out])ut  of  the  quarry  is  used  for  flux. 

Although  the  Marble  Hall,  Henderson,  and  King  of  Piaissia  lo- 
calities are  the  most  prominent  localities  where  marble  has  been 
quarried  in  the  yalley  it  is  highly  probable  that  other  ])laces 
exist  where  equally  desirable  marbles  might  lie  obtained.  At  present 
it  is  generally  believed  that  the  region  cannot  successfully  compete 
with  the  marble  distr-icts  of  other  States. 

Dolomite. 

of  these  limestones  have  been  quarried  for  lime  than  for 
any  other  piuqiose.  Most  of  the  cpiaia-ies  are  small,  were  Avorked 
for  local  use,  and  are  uoav  idle.  In  recent  years  a number  of  large 
lime  plants  have  been  built  in  the  rc'gion.  These  are  mostly  in  the 
vicinity  of  Plymouth  Meeting,  Bridgeport,  Port  Kennedy,  HoAvell- 
ville,  Hevault  and  IMill  Lane. 

Several  different  kinds  of  stone  Avere  formerly  Avorked  in  the  valley 
but  at  present  little  attention  is  given  to  any  other  than  the  Ioaa"- 
silica  dolomites.  These  are  used  for  lime,  flux,  crushed  stone,  and  in 
a fcAv  places  for  the  extraction  of  magnesium  carbonate.  The  rock 
is  broken  to  secure  blocks  10  to  12  inches  in  diameter  (one  man  size) 
that  are  used  for  lime;  the  next  size  smaller  is  suitable  for  flux,  and 
the  fi-agments  under  2 or  inches  are  used  for  concrete  and  ballast. 
'When  the  demand  for  any  one  kind  is  particularly  good,  special 
efforts  are  mad(*  to  jiroduce  as  much  of  the  desired  size  as  possible. 
Generally  it  is  not  pi’offtable  to  produce  the  smaller  sizes. 

The  various  comjianies  operating  in  the  region  liaA'e  made  detailed 
investigations  to  find  desirable  quarry  locations.  The  obstacles  en- 
countered are  heavy  overburden  of  clay  and  rotten  rock,  interbedded 
strata  of  high-silica  content,  clay  seams  or  jiockets,  and  contorted  or 
shattered  stone.  For  proff table  operation  the  stone  must  be  near  the 
railroad  and  tin*  topograjihic  situation  such  as  to  permit  ready  opera- 
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tion  aud  easy  drainage.  A unniber  of  (juarries  have  been  abandoned 
beeanse  of  enconntering  one  oi'  more  undesirable  conditions. 

A band  of  good  stone  seems  to  extend  continnonsly  from  Shain- 
line  south  of  i>ridg(‘iK)ri,  north  of  hy  Koek,  tlirough  Plymouth  Meet- 
ing, Corson's  Station,  to  Williams,  (food  quarry  stone  has  not  been 
found  eontiuuousW  throughout  the  area  but  enough  good  quarries 
have  been  opened  to  make  it  seem  ju'obabh'  that  the  band  is  con- 
tinuous. At  Shahiline  the  stone  has  been  quarried  mainly  for  flux. 
South  of  Bridgxqmrt  are  large  (pmrries  of  the  iMerion  Lime  aud  Stone 
Co.  and  the  Charles  Warner  Co.  The  foi-uun-  has  two  quarries,  the 
Kambo  aud  the  Merion.  The  latter  was  idle  at  the  time  of  our  visit 
as  much  of  the  stone  broke  into  sizes  too  small  for  the  lime  kilns 
and  the  demand  for  tlux  was  veiy  light  at  that  time.  The  quarry  is 
irregular  in  shape  as  somi-  spots  of  poor  stone  were  encountered.  A 
strike  of  A.  cS.j°  W.  with  a dip  of  .^.^“StV.  was  determined.  The  lianibo 
(luarry  of  the  Merion  Lime  and  Stone  Co.  and  the  McCoy  (juarry  of 
the  Charles  tVarner  Co.  are  opeiating  on  the  same  beds.  The  rock 
is  mainly  a dense  light-colored  crystalline  dolomite,  although  some 
bluish  beds  are  present.  The  bedding  planes  are  not  distinct  but  it 
.seems  that  the  beds  dij)  about  d.')°  to  the  south  with  an  almost  east- 
west  strike.  There  aia*  numerous  joint  planes  and  in  certain  ])arts 
of  the  quariy  the  rock  is  badly  shattered.  The  rock  breaks  irregularly 
when  blasted  and  most  of  the  blocks  are  small  enough  to  be  loaded  at 
once  or  can  be  easily"  broken  by  sledges.  The  stri])ping  averages  8 
to  10  feet  l»ut  is  much  deepm-  in  occasional  clay  ]iockets.  Most  of 
the  stone  from  these  (pmrries  is  burned  for  lime  but  considerable  is 
sold  for  o])(ui  hearth  dolomite.  The  lime  is  sold  as  lump  lime  to  the 
building  ti-ad(»  or  hydrated  and  sold  for  agi'icultui-al  uses.  8ome  is 
furnished  to  glass  and  leather  manufacturers. 

Plyiiioiiih  Mvvihig. — In  the  vicinity  of  IMymonIb  ^Meeting  a number 
of  (pmrries  have  been  opened,  most  of  which  have  long  been  aban- 
doned. In  the  same  section  there  are  some  old  limonite  iron  ore  ]dts. 
The  chief  reason  for  abandoning  the  quarries  has  been  the  ]iresence 
of  certain  impure  beds  high  in  silica,  alumina  or  iron.  Also  the  over- 
burden has  been  excessiv(‘  in  places.  Aearly  all  of  the  stone  has  been 
used  tor  lime.  The  (pmri-y  of  <1.  A W.  H.  Corson  is  typical  of  the 
best  ([uarries.  (Plate  111,  A).  The  stone  is  a dolomitic  marble 
with  beds  ranging  in  thickness  from  ti  to  ft)  inches  and  dipping  to 
the  southeast  at  angles  of  .o0°  to  .55°.  The  strike  avei-ages  about  X. 
75°E.  The  metamor])hisni  has  develo])ed  considei-able  studeite  and 
muscovite.  One  streak  (d‘  high-silica  rock  runs  tlu-ougb  tfie  cpiarry. 
Very  few  veins  are  ])resent.  Most  of  the  stone  is  burned  and  marketed 
as  hydrated  lime  although  some  has  been  sold  for  hux  and  a small 
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Bethlehem  Steel  Company  quarry,  Naginey,  Mifflin  County. 
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([uantity  n.sed  on  the  roads.  Nearby  is  a quarry  that  was  work(*d 
for  a time  by  the  Johus-Mansyille  Co.  to  obtain  stone  for  the  extrae 
tiou  of  magnesinm  earbonate. 

Half  a mile  west  of  Plymouth  Meeting  is  the  quarry  and  plant  of 
the  American  Magne.sia  and  Coyering  Co.  The  rock  quarried  is  a high 
grade  dolomite  that  contains  from  d.l  to  48  p(*r  cent  magnesium 
carbonate,  (l.T.")  to  l.-tO  per  cent  silica,  alumina,  and  iron  oxide,  the 
balance  calcium  carbonate.  Tlie  stone  is  used  for  tlie  extraction  of 
magnesium  carbonate,  tlie  process  of  which  has  been  described  in 
Chapter  I of  this  report.  The  best  stone  is  about  (10  feet  thick  aud  is 
a gray  to  doye  colored,  compact,  lirittle  stomc  Another  good  yariety 
is  distinctly  mottled.  A Idue  stone  underlying  the  best  beds  is  also 
utilized  except  where  it  contains  less  than  40  per  cent  of  magnesium 
carbonate.  Only  the  Idocks  from  S to  1-  inches  in  diameter  are  used. 
The  smaller  sizes  obtained  in  quarrying  are  used  for  concrete  and 
road  ballast. 

Port  Kennedy. — Tn  the  yicinity  of  I’ort  Kennedy  there  has  long 
been  extensiye  limestone  quarrying,  but  at  ])resent  the  largest  ([uar- 
I'ies  are  idle.  One  of  them  is  of  interest  as  it  shows  the  contact  be- 
Iween  the  Triassic  red  sliales  and  tin*  Ordoxician  ( ?)  limestone.  This 
is  the  quarry  where  mammalian  remains  of  Pleistocene  age  Axerc' 
found  in  a deposit  of  eaxe  earth.  The  Khret  iMagnesia  iManufacturing 
Co.  has  its  jdant  and  (inarry  about  1|  miles  soutlnxest  of  Port  Ken- 
nedy. Their  stone  is  a blue,  gray,  or  white  dolomite  that  average's 
about  45  ])er  cent  magnesium  carbonate  and  less  than  2 per  cent 
impurities.  The  quarry  is  an  old  one  but  has  Ijeen  worked  by  the 
present  company  for  about  18  years.  The  sizes  less  than  8 inches  in 
diameter  are  sold  for  dux  or  for  road  ballast. 

Near  King  of  Ihuissia  is  the  old  Schweyer  quarry  long  operated 
for  marble  but  now  OAxned  and  Axorked  by  IT.  E.  Millard  for  duxing 
stone.  The  quarry  is  xery  large  and  deep. 

•Just  aboA’e  Conshohocken  on  both  sides  of  tlie  riAer  some  imjAure 
limestones  liaA'e  been  quarried  in  seA’eral  places  for  the  construction 
of  railroad  bridges,  foundations  for  large  buildings,  and  for  Axalls. 

At  noAvellxille  quarrying  has  been  actixe  for  many  years,  most  of 
the  products  l)eing  crushed  for  road  metal  or  foi-  concrete  although 
good  budding  blocks  haA’e  also  been  ]>roduce<l.  (piarries  are  noAx 
being  operated  there  by  E.  -T.  Laxino  and  Samuel  Gibbons.  Tin* 
Laxino  quarry  is  said  to  haxe  been  in  continuous  operation  for  more 
than  35  years.  It  contains  massiA'e  blue  and  A\hite  limestone  AA'ith 
one  shaly  band.  The  beds  dip  to  the  southeast  at  an  angle  of  73°  and 
strike  N.  7S°E.  The  massixe  beds  contain  feAx  joints  or  A’eins.  In 
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1921  the  company  was  producing  about  3,000  tons  of  road  metal  a 
week.  They  have  sold  some  stone  for  Ilux  and  have  ground  some  for 
agricultural  purposes. 

Cedar  Hollow. — Half  a mile  southeast  of  Devault  are  the  Cedar 
Hollow  quarries  of  the  Charles  Warner  Co.  and  one  quarry  of  the 
Knickerbocker  Lime  Company.  The  rock  is  a low-silica  dolomite. 
The  beds  dip  from  15°  to  55°S.  with  an  approximate  east-west  strike. 
There  are  two  bands  of  good  stone,  the  northerly  one  with  a surface 
outcrop  about  1000  feet  wide  and  the  southerly  one  about  150  feet 
wide.  They  are  separated  by  a baud  of  high-silica  stone  that  is  not 
used.  When  the  Charles  Warner  Co.  connect  all  of  their  workings 
as  planned  they  will  have  a coiitiuuoiis  opeuing  almost  one  mile 
long.  The  company  burns  the  one-man  size  (10  to  12  inches  in  dia- 
meter) blocks  in  upright  kilns.  The  undersize  goes  to  a crusher  where 
it  is  reduced  to  | inch  size.  This  size  is  burned  in  a rotary  kiln  and 
the  finest  is  i)ulverized  and  sold  as  ground  agricultural  limestone. 
Charles  Warner  Co.  plant  at  Cedar  Hollow  is  shown  in  Plate  IV,  A. 

The  product  of  the  Cedar  Hollow  quarry  (No.  5)  of  the  Knicker- 
bocker Lime  Co.  is  hauled  over  a branch  railroad  line  to  the  main 
plant  of  the  company  along  Valley  Creek  at  Mill  Lane.  The  company 
has  worked  quarries  at  a number  of  places  along  both  sides  of  Valley 
Creek.  On  thr  north  side  there  is  almost  a continuous  opening  for 
more  than  a mile  in  the  same  beds.  Their  No.  4 (piarry  on  the  south- 
east side  of  the  creek  is  in  the  same  strike.  Another  quarry  (No.  6) 
known  as  the  Holland  Meadows  <piarry,  lies  about  one  mile  to  the 
northeast  and  is  in  a different  series  of  beds.  In  the  main  series  the 
beds  quarried  consist  of  low-silica  dolomite  and  approximate  100 
feet  in  thickness.  They  have  a variable  but  always  stee]>  dip  to  the 
south.  Some  good  stone  is  still  being  (pmrried  here  but  in  most  of 
the  openings  it  is  no  longer  ])racticable  to  work  the  good  grade  of 
stone  and  their  high  grade  lime  is  made  ])rincij)ally  from  the  stone 
brought  from  the  Cedar  Hollow  quarry.  Some  of  the  poorer  grade 
stone  of  the  old  quarries  is  being  worked  for  road  metal. 
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PLATE  IV 


A.  Charles  Warner  Co.  plant,  Cedar  Hollow,  Chester  County. 


B.  Unconformity  between  Conestoga  and  Kinzers  limestones  at  Kinzers 

Lancaster  County. 


84 


Analyses  of  Canihro-Ordoviciun  limestone,  Montgomery  County. 


1 

2 

3 

4 

5 

6 

7 

8 

CaCOa 

55.(32 

55.80 

58.29 

55.72 

55.56 

56.19 

52.98 

55.78 

MgCOa 

43.40 

41.22 

37.93 

40.96 

42.07 

41.03 

37.30 

40.03 

0.90 

1.10 

1.71 

1.48 

1.72 

1.12 

5.72 

2.11 

ALda  ) 

FerOa  S 

0.63 

1.83 

2.04 

1.80 

0.61 

1.59 

3.96 

2.05 

9 

10 

11 

12 

13 

u 

15 

16 

CaCOs 

55.23 

56.. 32 

55.00 

55.03 

76.02 

86.10 

53.89 

52.67 

MgOOa 

43.22 

41.95 

43.19 

38.50 

18.17 

11.86 

42.72 

4.A.46 

SiOa 

AI2O3 

1 

0.65 

0.75 

0.41 

2.36 

2.52 

1.33 

2.14 

1.20 

PeaOs 

s 

0.92 

0.96 

1.54 

4.09 

3.23 

0.68 

1.24 

0.58 

1.  Quai'i'y  of  Blue  Bell  Lime  Co.,  Williams.  Analysis  of  2 cars  shipped  Bethlehem 

Steel  Co. 

2.  Quarr.r  of  G.  & W.  tU.  -iCorson,  Williams. 

3.  Quarry  of  Cox  Lime  and  Stone  Co.  1 mile  east  of  Plymouth  Meeting. 

4.  Quarry  of  Joseph  Leedom,  Plymouth  Meeting. 

5.  Quarry  of  American  Magnesia  Co.,  £ mile  rvest  of  Plymouth  Meeting. 

0.  Quarry  of  E.  J.  Lavino  & Co.,  1 mile  -west  of  Plymouth  Meeting. 

7.  <.,u  any  of  Derr  Cnisl.i  il  Stom'  Co..  mile  nortli  of  Iv>  Koek. 

S.  Quan.\  of  1. likens  L-  Veikas,  Mogee. 

0.  Rambo  quarry  of  Merion  Lime  and  Stone  Co.,  Bridgeport.  Analysis  of  22  cars  shipped 

to  Bethlehem  Steel  Co. 

10.  Merion  quarry  of  Merion  Lime  and  Stone  Co.,  Bridgeport. 

11.  Quarry  of  Pennsylyania  Lime  Products  Co.,  Shaiuline. 

12.  Quarry  of  Norristown  City  Brick  Co.,  Shaiuline. 

13.  Quarry  of  Lukens  & Lerkas,  i mile  S.  B.  of  Henderson. 

14.  Quarry  of  H.  E.  Millard,  i mile  S.  E.  of  King  of  Pinissla. 

15.  Quarry  of  Enyin  Stone  Co.,  Port  Kennedy. 

16.  Quarry  of  Ehret  Magnesia  Manufacturing  Co.,  li  miles  S.  W.  of  Port  Kennedy.  Analysis 
furnished  by  company. 


Analysies  1-15  were  made  by  Betiilehem  Steel  Co. 


Analyses  of  Cainhro-0)'dovician  limestone,  Chester  County. 


17 

18 

19 

20 

. 21 

22a 

22b 

CuCO:} 

72.C7-.54..37 

r>2.13 

rrr>.oi 

55.18-54.91 

54.27-55.01-54.13 

54.01 

54.01 

MgCOs 

22.01-35.94 

44.26 

42.96 

42.32-41.90 

42.69-42.32-43.08 

42.69 

42.54 

Sio-j 

5.80 

1.53 

1.50 

1.58-  2.12 

1.78-  1.72-  1.51 

0.85 

f.63 

AI2O3  ; 

PesOs  S 

0.70-  3.84 

1.82 

0.72 

1.00-  1.12 

0.82-  O.SO-  1.27 

0.44 

0.57 

17.  Quan-y  of  E.  J.  Lavino  & Co.,  Howellville.  Howellville  blue  stone.  Stone  used  for 
road  metal.'  -Inalyses  by  company. 

18.  N'o.  6 (Holland’s  Meadow)  quarry  of  Knickerbocker  Lime  Co.,  IJ  miles  northeast 
of  Mill  Lane.  Analysis  by  company. 

111.  No.  3 iinarry  of  Knickerbocker  Lime  Co.,  1 mile  east  of  Mill  Lane.  Analysis  by 
company. 

20.  AVest  end  of  quarry  No.  1,  Knickerbocker  Lime  Co.,  Mill  Lane.  Analyses  by  company. 

21.  Knickerbocker  Lime  Co’s  Cedar  Hollow  quari-y,  i mile  S.  E.  of  Devault.  Analyses  by 
company. 

22.  Quarries  of  Charles  AVarner  Co.  at  Cedar  Hollow.  % mile  S.  E.  of  Devault,  a.  Quarry  No. 
6,  average  of  10  analvses.  b.  AAJiiteland  quarry.  Analyses  by  company. 
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LANCASTER  COUNTY. 


Lancaster  Comity  lias  a greater  area  of  exposed  limestone  than  any 
other  county  of  Pennsylvania,  and  all  the  limestones  belong  to  the 
Cambro-Ordovician  series.  They  form  a practically  continuous. 
Iiroad,  east-vest  liand  that  traverses  the  central  part  of  the  county, 
and  constitutes  the  surface  rocks  of  one-lialf  the  county.  The  fertility 
of  the  residual  soils  formed  by  the  decay  of  these  limestones  is  espe- 
cially high  and  has  von  for  Lancaster  County  the  enviable  ]»osition 
of  the  richest  agricultural  county  of  the  United  States. 

As  in  other  sections  of  the  State  the  relatively  soluble  limestones 
underlie  the  valleys.  The  higher  ridgos  in  the  northern  and  southern 
portions  of  the  county  are  composed  of  sandstones,  shales,  schists, 
gneisses,  trap,  and  other  varieties  of  resistant  rocks. 


Division  into  Formations. 


\ 


Until  recently  the  limestones  of  the  Lancaster  Talley  had  not  been 
differentiated  although  the  jialeontological  vork  of  Professor  Eoddy 
of  iMillersville  State  Xormal  School  had  proved  the  existence  of  both 
Cambrian  ami  Ordovician  strata.  Stose  and  -Jonas--  have  proposed 
the  classification  of  the  limestones  given  in  the  folloving  table. 


--Jour.  Washington  Acad.  Sci.,  Vol.  12,  pp.  358-366,  1922. 


]..ower  Cambrian  Middle  Cambrian  Cambrian  Ordovician 
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(Teneralized  columnar  fable. 


Name 

Thickness 

(feet) 

Character  of  rocks. 

Conestoga  lime- 
stone (probablj- 
older  than,  or 
in  part  equiva- 
lent to.  Cocalico 
shale.) 

500  ± 

Dai'k  slaty  limestone,  coarse  limestone 
and  marble  conglomerate,  thin-bedded 
.granular  blue  limestone,  and  thin  graph- 
itic slate.  Contains  brachiopods  and 
crinoid  plates  and  stems  of  probably 
Chazy  age.  Overlaps  southeastward  on 
all  formations  from  the  Ledger  dolo- 
mite to  the  Harpers  schist. 

Cocalico  shale. 

1000  ± 

1 >ark  gray  shale  containing  graptolites 
of  Xormanskill  type  and  thin  crinoidal 
limestoiH'  at  base ; gray,  green,  and 
purple  slates  and  green  impure  sand- 
stone above. 

Ileekmantown 

limestone. 

2000  ± 

Light  blue  limestone  and  some  light 
gra.v  magnesian  limestone  and  dolomite, 
containing  a little  chert.  Carries  Beek- 
mantown  fossils. 

; Conococheague 
limestone. 

9(.)0± 

Massive  blue  limestone  containing  Cryp- 
tozoon  reefs,  thin-bedded  wavy  lami- 
nated limestones,  sandstones  and  sandy 
conglomerates,  and  dolomite. 

Elbrook 

dolomite. 

ITnconformity 

500  ± 

Cream-colored  to  white,  fine-grained  im- 
pure marble,  mostly  thinly  laminated : 
weathers  to  shaly  yellow  tripoli  and 
.vellow  earthy  soil. 

Ledger 

dolomite. 

1000  ± 

Cramilar,  gray  to  white  dolomite,  most- 
ly thick-bedded,  some  beds  of  which  are 
.siliceous  and  weather  to  rust-stained 
granular  chert.v  layers. 

Kinzers 

formation. 

150 

Siliceous  banded  dai'k  bine  limestone, 
impure  dolomite  weathering  to  dense 
buff  tripoli,  spotted  white  marble  with 
■wavy  impure  partings,  and  shale  which 
contains  ah  OlencUiis  fauna. 

Vintage 

dolomite. 

500-050 

Massive,  glistening,  coarse-grained,  dark 
gray  dolomite,  weathering  whitish  wMi 
scattered  crystalline  blebs,  and  dafk 
blue  dolomite  with  argillaceous  partings, 
weathering  knotty  or  lenticular. 

The'  Vintage.  Kinz.'rs,  raid  Ledger  are  ei|nivalent  to  the  Tomstown  dolomite. 


87 


Th(^  typo  section  of  the  Vintage  dolomite  is  exposed  in  a cnt  of 
the  Pennsylvania  Itailmad  at  Vintage,  a small  village  Id  miles  (*ast 
of  Tjancaster.  Tlie  Tvinzers  formation  is  exposes!  in  a railis)a<l  ent 
near  Kinzers.  The  following  section  is  given  by  8tose  and  Jonas.-® 

Partial  section  of  Kinzers  formation  in  railroad  cat,  Kinzer.^.  Pa. 

hVet 


Dark  him*  limestone  with  wavy  impure  partings  .... 

Thick-bedded  light  gray  dolomite' 

Dark-bine  linK'sJone  with  wavy  inipnre  partings  .... 
White  s] lotted  marble  with  wavy  Imff  dolomite 

partings  

Blue  liinestone  banded  with  slightly  wavy  siliceous 

lav-ers  

Highly  siliceons  banded  dai'k  limestone,  weathering  to 

skeleton  of  bntf  siliceons  network  

Tmimre  thick-bedded  dolomite,  weatlun-ing  to  dense 

bntf  tri])oli  

White  s]>otted  mai'ble  Avitli  even  lintf  dolomite  band- 
ing   

Wayv  I landed  bine  limestone,  nnmerons  argillaceons 

partings  

Crumbly,  tissile,  dark  shale,  weathering  spheroidal  . . 
Inipnre  dolomite,  weathering  to  bntf  tripoli  and  con 
taining  few  trilobite  fragments  and  !da]tcrclJa  . . . . 


10 

12 

C 

8 

10 


s 


8 


10 

50 


I 


132± 


The  Ledger  dolomite  is  named  from  the  village  of  that  name  about 
3 miles  northeast  of  Kinzers.  The  Elbrook,  Conococheagne,  and 
Beekmantown  limestones  are  similar  to  the  strata  so  designated  by 
Stose  in  Cumberland  and  Franklin  counties.  The  Cocalico  shales, 
sandstones,  and  linu'stones  and  the  Conestoga  limestone  are  named 
from  Cocalico  and  Conestoga  creeks.  Lancaster  County. 

The  Conestoga  limestone  in  the  southern  part  of  the  limestone  belt 
rests  unconforniably  upon  ditlerent  members  of  the  series  in  various 
parts  of  the  county,  thus  indicating  an  uplift  and  an  erosion  interval 
between  the  deposition  of  the  Beekmantown  and  the  Conestoga  lime- 
stones. At  the  Bellemont  (piarides  the  Conestoga  rests  upon  the 
Wntage  dolomite,  north  of  Wntage  it  rests  niion  the  Kinzers  strata 
(see  Plate  IV.  Bl.  and  in  northeastern  Lancaster  it  immediately  over- 
lies  the  Ledger  dolomite. 

The  limestones  and  intercalated  slmles  of  Lancaster  County  have 
an  aggregate  thickness  <d'  about  (»700±:  feet.  They  have  beem  gi'catly 
folded  and  faulted  and  ])rofoundly  metamorphosed  by  the  prt'ssnre 
and  heat  attendant  upon  the  intense  compression  to  which  they 
have  been  snbjdmted.  In  certain  localities  the  limestones  have  been 
converted  into  marlile  .and  in  almost  ev(‘ry  ]dace  they  show  some 
evidence  of  si*condary  crystallization. 


230p.  cit.  p.  363. 
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The  limestones  are  eaveruous  and  much  of  the  surface  water  tiuds 
its  way  iuto  subterraueaii  channels.  Some  of  these  underground 
streams  eventually  find  an  exit  at  the  surface  and  form  springs  of 
\ery  large  size.  The  famous  Lititz  Spring  is  an  illustration  of  this 
type. 

At  Leamau  Place  and  in  the  northwest  part  of  Lancaster  an  oil 
company  has  bored  deep  holes  in  the  limestones  in  search  of  oil  biit 
without  success. 

Uses. 

The  limestones  of  Lancaster  County  have  been  quarried  in  al- 
most every  section  of  the  limestone  belt.  In  the  Lancaster  quad- 
rangle Professor  H.  Justin  Poddy  has  found  191  localities  where 
limestone  quarries  have  been  0}»ened.  As  this  comprises  less  than 
one-third  of  the  limestone  area  of  the  county  it  is  probable  that 
there  are  as  many  as  300  abandoned  and  working  limestone  quanues 
nltogether.  As  in  other  sections  of  the  kState  most  of  these  quarries 
were  small  openings  that  furnished  only  a,  limited  amount  of  stone 
for  local  use  and  have  long  since  been  abandoned. 

Probably  the  earliest  use  of  Lancast(‘r  County  limestones  was  for 
l»uilding  purposes.  On  the  whole  they  are  not  well  adapted  for  such 
use  as  there  are  few  places  where  good  building  material  can  be 
obtained  without  an  undue  amount  of  waste.  Most  of  the  stone  is 
closely  jointed  and  the  joints  intersect  at  such  angles  as  to  require 
much  work  in  dressing.  The  marble  of  the  county  is  said  to  resist 
weathering  poorly.  TTowevc'r.  some  l)uildings  are  constructed  en- 
tirely of  local  limestone  and  it  lias  been  generally  used  throughout 
ihe  limestone  belt  for  foundations. 

For  many  yeai's  tlu‘  farmei-s  used  lime  frmdy  for  fertilizing  the  soil 
and  many  small  quarries  wiu'C  opened  to  furnish  the  stone  for  the 
small  local  kilns.  At  pri'sent  few  farmers  can  afford  to  make  the 
lime  that  they  need  liecanse  agricnltural  lime  can  be  bought  so 
cheaply,  and  tin'  small  farm  kilns  are  now  in  ruins.  Tn  a few  places, 
favoi'ably  situated  for  shipping,  linn*  is  still  being  burned  and  in 
large  quantities.  The  largi'st  operations  are  Ihe  ,T.  F.  Raker  quarries 
at  Rillmeyer  along  the  Snsqnehanua  River  and  the  Rellemont  quar- 
I'ies  southeast  of  Kinzers. 

At  Rillmeyer  three  quai-ries  are  being  operated.  Two  of  them 
furnish  a high  calcium  stone  and  the  third,  a short  distance  to  tin' 
north,  yields  a low  silica  dolomite.  Roth  the  high  calcium  and  the 
magnesian  stone  are  burned  for  lime.  When  the  plant  was  visited 
in  1921  the  company  had  51  ordinary  upright  kilns,  2 125-foot  rotary 
’-ilns.  7 flame  kilns,  and  2 pot  kilns.  There  is  a hydrating  plant  here. 
The  high  calcium  lime  is  used  for  soap  and  glass  mannfacturi*.  Some 
of  the  high  calcium  stone  is  pulverized  for  use  in  the  manufacture 
if  plate  glass,  as  an  asphalt  filler,  and  for  agricnlfural  uses. 


89 


A eeiuent  company  was  formed  several  years  ag(j  to  make  Portland 
cement  from  limestones  one  mile  west  of  Prownstown.  About  50 
test  holes  averaging  100  feet  in  depth  weiM*  bored  and  the  results  are 
reported  to  have  been  favorable.  Three  analyses  are  given  on  a later 
page.  Only  the  stone  of  best  grade  Avas  to  have  been  used.  ^Shale  to 
be  mixed  uith  the  limestone  was  to  have  been  obtaiiuHl  about  two- 
Ihii’ds  of  a mile  to  the  northeast.  <.)n  account  of  linancial  <lifficnlti('s 
tlie  plant  was  never  erected. 

The  Mount  -Joy  Magnesia  Co.  has  opmied  a (plans'  along  Pig 
duckies  Creek,  3 miles  south  of  iMount  Toy  where  it  is  claimed 
lhat  the  compauA’  has  found  a low  silica  dolomiti'  suitable  foi-  the 
extraction  of  magnesium  carbonate.  The  plant  and  (piarry  wei-e 
idle  at  the  time  of  our  visit  as  the  company  was  in  tin*  hands  of  re- 
cei vers. 

Limestone  and  dolomite  have  been  ipiarried  for  flux  in  sev(*ral 
places.  When  the  local  iron  ore  mines  of  the  region  svere  in  opera- 
tion a number  of  furnaces  Avere  supplied  with  limestone  from  nearby 
quarries.  Several  quarries  iii  the  iMarticville  region  Avere  Avorked 
for  Ilux  to  use  in  the  nearby  iron  furnaces.  Lancaster  County 
limestone  Avas  also  used  to  smelt  the  nick(*l  ores  that  Avere  long  mined 
near  Gap.  MTth  the  closing  of  the  ii'on  mines  and  furnaces  of  the 
region  the  use  of  the  local  limestone  for  flux  has  diminished.  The 
requirements  for  Iluxing  stone  that  can  be  shipped  to  conqiete  Avith 
other  limestones  have  increased  so  that  uoav  only  the  b(*st  quality 
stone  can  be  regarded.  The  -T.  E.  Pak(*r  Co.  lias  shipped  considerable 
loAv  magnesian  and  high  magnesian  fluxing  stom*  from  theii*  ex- 
tensive quarries  at  Pillmeyei'  and  formerly  quari'i(*d  a dolomite  neai* 
T'’amford  that  Avas  shipped  for  tlnx.  The  analyses  that  folloAv  show 
that  good  tluxing  stone  occurs  ui  si'veral  places  in  tin*  county. 

Since  the  development  of  macadam  and  concrete  I'oads  and  concrete 
structures  of  all  kinds  there  lias  been  an  (*xc(*ssive  chmiand  foi- 
crushed  limestone  and  many  abandoned  quarries  have  lieen  reopened 
and  ncAv  ones  have  be(*n  developed.  The  Candu-o-Oi'dovician  linn* 
stones  almost  everyAvhere  in  the  Stati'  possess  the  requisite  qualifica- 
tions and  Lancaster  County  has  sui»pli(*d  much  crushed  stone  for 
use  both  within  and  Avithout  the  county.  Some  of  the  localities  Avlieia* 
large  quarries  are  Avorked  for  crushed  stone  are  the  folloAving:  one 
mile  southeast  of  Columbia.  3 miles  nortliAvest  of  Lancaster,  the 
Orchard  quarry  at  Quarryville.  and  the  Pellemont  quarries  soulh- 
Avest  of  Kinzers.  There  are  scores  of  places  Avhere  desirable  stom* 
for  crushed  stone  can  be  obtained  if  the  demand  cannot  be  met  by 
the  riresent  OTierations. 
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Aitaltf.set^  of  Laiiccsfer  Coiniftf  Uine.stones. 


la 

lb 

2 

3a 

3 b 

3c 

3d 

4a 

4b 

5 

6 

CaCOs 

94.87 

94.99 

78.70 

83.50 

83.76 

85.10 

91.88 

90.99 

72.30 

78.96 

,52.14 

JIgCOs  -- 

2,03 

3.35 

17.71 

14.36 

13.15 

1 2 . 

5.89 

0.60 

19.85 

42.01 

Si02  

0.75 

o.ei 

2.47 

1.24 

1.81 

0.92 

1.19 

1.45 

5.84 

8.02 

3.62 

AhOs  ? 

PP2O.A  ___ 

1.09 

0..^)4 

0.99 

O.Sl 

0.9.5 

0.75 

0.51 

0.61 

1.93 

1,63 

1.92 

s 

0.01.1 

0.015 

0.0t)3 

0.00.3 

0.0G3 

0.063 

0.041 

0.041 

p 

0.004 

0.004 

0.008 

0.008 

0.008 

0.008 

0.CO6 

0.006 

7 

8a 

Sb 

Se 

8d 

9 

10 

12 

18a 

13b 

OaCO.2 

55.88 

54.7.50 

,55.104 

.53.517 

50.3:39 

.54.51 

.54.6.3 

.54.93 

55.01 

55.07 

72.11 

MgOO.'i  ... 
SiO« 

41.79 

1.00 

44.204 

43.  (KB 

43.522 

41.143 

42.22 

1.86 

42.10 

2.05' 

41.82 

1.68 

44.03 

0.57 

:37.83 

3.68 

17.38 

7.70 

AbOs  1 

PecOaS 

0.98 

.517 

..364 

.869 

.7.31 

1..35 

i.se 

1.09 

0.67 

1.41 

2.72 

s 

0.006 

.011 

.O^’S 

.(rJl 

.0.30 

p 

0.006 

.010 

.016 

.014 

.029 

Insoluble 

.4.36 

.847 

1.926 

7.699 

14a 

14b 

14c 

15 

16 

17 

IS 

19 

20 

21 

22a 

OaCoa 

72.21 

6.3. 8<S 

71.82 

54.96 

5.5. 0.3 

90.00 

78.10 

6.3.. 54 

54.84 

5.3.51 

56.81 

MeCO.1  ___ 

20.29 

24.47 

4.3.22 

44 . 05 

5.45 



24.87 

42.84 

41.08 

40.23 

Si02 

5., 36 

14.. 54 

.3.20 

0.49 

0.3.3 

2. .54 

7.91 

8.47 

1.03 

3,52 

AIl’O,-!  ? 

--- 

1.84 

5.18 

1.04 

0.65 

0.68 

0.81 

5.82 

2.81 

1.24 

1.85 

9,1 

s 

o.nno 

0.009 

p 

0.008 

0.008 

0 40 

H20  

0.32 

22b 

22o 

22d 

22e 

22f 

22g 

22h 

22i 

22: 

23a 

2.3b 

(^aCO:i 
MgCO.-i  -- 
SiO" 

53.29 
43 . 77 

.5.3.28 

45.28 

5.3.17 

44.04 

53.19 

43.73 

68.22 

29.08 

86.24 

12.71 

SS.67 
10.. 53 

83.^6 

15.70 

90.89 

8.55 

74.46 

18.48 

3.24 

1.10 
O'.  018 
0.036 

91.97 

5.07 

2.36 

0.82 

0.018 

0.006 

Al'jO.'!  } 
Pp=04  __ 

S 

2.18 

0.64 

2.14 

2.04 

1.4-! 

0..53 

0.31 

O.JO 

0.20 

P .. 

Tr>.soluble 
H=0  

00.39 

0.44 

0.08 

0.72 

0,29 

0..36 

0.72 

0.32 

0.78 

0.48 

0.32 

0.20 

0.24 

0.95 

0.12 

0..32 

0.12 

0.24 

1.  Outcrops  ff  mile  u'est  of  Rlieems  on  tract  of  J.  A.  Hippie.  Averag‘o  for  phosphonis  and 
sulphur. 

2.  Old  Hippie  quarries,  i mile  Tvest  of  Rheems.  Average  analysis. 

3.  Quarry  of  J.  A.  Hippie,  h mile  S.  W.  of  Rheems.  Average  for  phosphorus  and 

sulphur. 

4.  II.  K.  Landis  quarry,  1 1 miles  south  of  Rheems.  Av^^raao  for  phosphorus  and  sulphur. 

.o  Abandoned  quarry  on  Brobaker  Farm,  miles  North  of'  Mayto-\vn. 

d.  Outcrop  along  Irl't  i.aiuv  of  a siu:  11  .stream.  Roweiina  1'.  O. 

T.  ITiestand  ([uarry  on  east  side  of  Tiouegal  ('r(‘ek.  1 mile  from  moutli.  Average  analysis. 

8.  I-Ialdeman's  quarries  at  Chickios. 

a.  South  quarry,  best  l)Iue  limestone.  Fine  grained  and  very  hard,  brittle;  light 

bluish  gray,  with  irregular  fracture. 

b.  North  quarry,  middle  of  quarry,  best  specimen.  Rather  coarse  grained;  hard  and 
brittle;  fracture  irregular;  light  gray  and  brownish  gi’ay  color. 

e.  North  quarry,  middle  of  quarry,  worst  specimen.  Ra'thor  coarse  grained,  hard 

and  tough ; fracture  irregular.  Dark  bluish  gi’ay. 

d.  North  quarry,  sandy  layer  at  extreme  north  end  of  quarry.  Specimen  having  the 
general  appearance  of  a soft  sand  rook,  is  coarse  grained  and  crumbling,  bro'tMiish  gray. 

9.  Outcrop  on  left  bank  of  Rig  Chickies  Creek,  Heinaman  farm,  mile  N."  E.  of 

Chickios. 

10.  Outcrops  on  S.  E.  side  of  Chickies  Creek,  § mile  from  mouth. 

11.  Quarry  on  left  bank  of  Chiclres  (’reek  at  junction  of  Big  and  Little  Chickies  creeks. 

12.  .T.  E.  Baker  quarry  on  right  bank  of  Big  Chickies  Creek  just  above  junction  with 
Little  (liickies  Creek. 

I'-*.  Oiiarry  w(‘st  si;b‘  of  Little  rhick5'‘s  (’reek.  2 .miU^s  S.  of  ;Mount  .Toy. 

14.  Outcrops  and  openings  along  left  bank  of  Little  Chickies  Creek,  14  to  1|  miles  south 
of  Mount  Joy. 

1 Small  qiiaiTy  mile  S.  W.  of  Newtown,  midway  between  railroad  and  Big  Chickies 
Creek. 

Id.  Outcrop  at  road  crossing  of  Big  Chickies  Creek,  4 mile  S.  W.  of  Newtown. 

17.  Outcrop  along  left  bank  of  LRtie  Ch, cities  Creek,  near  railroad.  Mount  Toy. 

18.  Quarry  24  miles  E.  of  Mount  Joy  on  left  bank  of  Big  Chickies  Creek. 

19.  Quarry  \ mile  S.  of  Centerville. 

20.  Outcrop  on  farm  of  Henry  Musser,  mile  S.  of  Centerville. 

21.  Outcrop  on  farm  of  Chris.  Musser,  4 mile  S.  of  Centerville. 

22.  Strickler  limestone  quarries  half  a mle  east  of  the  intersection  of  Strickler  Run 
and  the  Lancaster  and  Columbia  (Pennsylvania)  R.  R.  Analyses  by  J.  B.  Britton. 

23.  Stoner  quarry  at  Pennsylvania  R.  K.  eross  ng  of  Striekler’s  Run  S.  E.  of  Columbia. 
Average  of  three  samples  for  phosphorus  and  snlplmr. 
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23  c 

2.j(l 

24 

2.)il 

25b 

25c 

2d 

27 
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28b 

28c 
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SiO' 
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0.59 
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.52.28 
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Ah'Oj? 
Fi’-CJa) 

s 

0.,<1 

l.ls 

2.40 

4.51 

2.88 

1 . 51 

F 

. J 

Insoluble 
HA>  

I .01 

o.::o 

1.38 
0.4  s 

4.03 

0.49 

0.18 

3.42 

0.42 

7.12 
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2Sd 

28e 

2sf 

2.2g 

2Sh 

2.si 

2sj 

2Sk 

20 

:i0a 

30  b 

CaCOa  ___ 
MgCOa  — 
Si<V’ 

80.50 
1 1 . 15 

93.;!4 

4.39 

89.17 

4.51 

88.77 

5.75 

90.04 

4.14 

93.24 

3.50 

87.75 

5.10 

57.4:J 

14.73 

5.5.01 

42.85 

1.4(1 

0.7(i 

0.037 

0.007 

s_' . .50 
15. Si 
1.08 

0.58 

ij4 . 5lI 

42.94 

1.49 

0.85 

Aimq 
r(‘20.q  -- 
s 

0..54 

0.29 

0.44 

0.(4 

0.  js 

0.40 

0.44 

3.3(i 

P 

Insoluble 
H:U  

1.45 

0.30 

1.02 

0.30 

5.00 

(L2S 

4.. 52 
0.32 

4.08  ' 2.28 

0.50  ! 0.52 

0.25 

0.20 

13.93 
0 . 52 

— 
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30c 

31 

32 

33a 

33li 

3.3c 

34 

35 

30a 

361) 

3Gc 

CaCOs  — 

01  .04 

.51.03 

07.25 

05.95 

81. -IS 

98.31 

07.08 

id.  49 

52.1  0 

55.42 

55  35 

MgCOa  — 

.34.30 

.37.02 

1.49 

3.91 

7.31 

o.so 

30.30 

7.23 



44 . 20 

43.71 

Si(9g  

2.. 54 

/ .81 

0.01 

23.05 

8.(»8 

0.04 

i .DO 

0.85 

o 0 ' 

C.2s 

0.49 

AbOsf 

L-C20;A 

1.51 

0.44 

0.53 

5.45 

3.20 

0.28 

1.09 

0.40 

0.  ll 

0.42 

0.45 

s 

0.00,; 

(1  000 

0.00:1 

1 

0 014 

0 014 

0.014 

24.  Old  Stricklor  quarry,  mile  S.  E.  of  Columbia. 

25.  Limestones  500  yards  N.  E.  of  the  Strickler  quarries.  Analyses  by  .1.  B.  Britton. 

20.  i^uarry  on  Strickler  Bun  § mile  west  of  Olenmanov. 

27.  Quarry  at  (tlenmanor. 

28.  Limestones  about  A to  14  miles  south  of  Manheini  alony:  track  of  F.  & R.  B.  R. 

and  near  County  Bridgx*.  Analyses  by  J.  B.  Britton. 

29.  Large  quarry  betAveen  Lititz  and  FruitA'ille  turnpikes,  1 mile  N.  of  Lancaster.  AA'crage 
analysis. 

50.  H.  M.  Lamlis  (]Uan-y,  mih’  S.  E.  of  Landis  Valley.  AA'crage  for  phospliorus  and 

sulphur. 

31.  Outcrop,  south  of  Ephrata  turnpike,  14  miles  E.  of  Landis  Valley. 

32.  Outcrop  on  Weidler  Farm  near  right  bank  of  Cocalico  Creek,  1 mile  E.  of  Oregon. 

33.  Lim(‘stoiies  from  farm  of  Alvin  cngei-.  1 mile  . of  i‘.rn\vnstown.  II  \-vas  p.aMie  l 

to  use  the  No.  3 stone  for  the  manufacture  of  Portland  cement. 

34.  Outcrop  on  MiiiUich  farm  near  aban.lorio.i  railroad  cut.  1 mile  X.  of  Brownstown. 

35.  Quarry  near  left  bank  of  Conestoga  (.'I'ecdv  1 mile  N.  W.  of  Farmersville. 

3d.  B<'llemont  quarries,  east  of  Bellemont.  Average  foi-  phosphorus  and  sulphur. 

Analvses  1-.5.  7,  10-21.  23.  24,  20.  2<.  20-30  liy  Bellilehem  Steel  Co. 


YORK  AND  ADAMS  COUNTIES. 

Limestone  Valleys. 

Tlio  limestones  that  fonn  such  a wide  l»and  tlirouyii  tlie  central 
]'art  of  Lancaster  County  (‘xtend  across  tin*  Sns(jnehanna  Kiver  into 
York  County  in  two  ])laces.  In  the  vieinily  of  New  Holland  ( Sagi 
naw  P.  O. ) limestone  in  a triangular  area,  less  than  one  scpiai'e 
mile  in  extent,  i-epresents  tlu*  same  limestone  sti-ata  (‘X]>osed  and 
quarried  at  Pillnieyer,  Lancaster  County.  The  main  hand  crosses 
the  river  at  tYrightsville  and  continues  in  a sonUiwesterly  course 
entirely  across  York  County  and  to  Littlestown.  Adams  County, 
only  a few  miles  from  the  Maryland  J'ennsylvania  line. 
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This  more  oxtensive  band  of  liinestonos  nnd<Tlies  and  is  re- 
sponsible for  the  formation  of  York  Valley  in  which  are  located 
the  principal  towns  and  industries  of  York  and  Adams  counties. 
The  valley  averages  about  Id  miles  Avide  except  in  the  vicinity  of 
York  and  Hanover,  in  both  of  Avliich  places  it  is  about  5 miles  Avide. 
The  southern  boundary  is  a fairly  regular  line  Avith  feAv  indenta- 
tions but  the  northern  one  is  irregular.  In  the  vicinity  of  Y^ork 
llnn-e  is  one  off-shoot  of  the  main  valk^y  that  extends  nortliAvestAvard 
to  Kmigsville  and  another  that  extends  AvestAvard  a feAv  miles  beyond 
Tliomasville.  Both  of  these  branch  valleys  OAve  their  existence  to 
folding  and  faulting  by  Avhich  limestone  is  brought  to  the  surface. 

On  the  north  side  of  the  limestone  valley  there  are  exposed  either 
the  underlying  Chickies  (piartzite  or  the  much  more  recent  over- 
lai)ping  red  shale  and  sandstone  of  Triassic  age.  The  strata  bound- 
ing tin*  valley  on  the  south  are  principally  slate  or  schist,  probably 
in  tin*  main  of  Ordovician  age. 

Until  recently  the  limestones  AA'ere  believed  to  belong  entirely  to 
the  Cambrian  system,  as  Walcott  and  others  had  collected  Cambrian 
fossils  from  various  places  Avithin  the  valley.  Stose  and  Jonas-® 
noAv  refer  the  limestone  conglomerate  and  associated  strata,  so 
(‘xtensively  develo])ed  in  Y"ork  County,  to  the  Conestoga  formation 
and  state  that  they  have  found  in  them,  east  of  Y'ork,  some  brachio- 
])ods  and  crinoid  stems  and  plates  that  are  regarded  as  of  Chazy 
age.  Their  revised  columnar  section  is  given  on  a previous  page 
umler  the  discussion  of  the  Lancaster  County  limestones. 

The  U.  S.  Geological  Survey  geologists  Avho  are  studying  these 
strata  Avill  doubtless  be  able  to  establish  dehnite  lines  of  separation 
betAA'een  the  different  limestones  present  in  the  valley,  but  such  data 
are  not  available  at  ]>resent  and  it  is  therefore  necessary  to  discuss 
fhe  limestones  of  York  and  Adams  counties  as  a unit,  as  has  been 
done  in  the  ])ast. 

Character  of  Limestone. 

The  structural  cliaracters  of  the  Y"ork  Valley  limestones  are  very 
complex,  as  is  true  of  all  of  the  limestone  areas  of  southeastern 
I’ennsylvania,  and  much  detailed  Avork  is  necessary  before  it  is 
possible  to  do  more  than  outline  the  most  general  features.  In 
almost  every  quarry  or  extensive  natural  exposure  there  is  evidence 
of  intricate  folding  and  faulting.  The  mantle  of  residual  clay  soil 
that  covers  the  limestone  almost  everyAvhere  along  erosion  channels 
and  artificial  excavations,  prevents  the  acquisition  of  data  that  might 
make  it  possible  to  accxirately  determine  the  structures.  To  deter- 
mine the  structure  it  is  necessary  to  prospect  a limestone  property 
either  by  extensive  drilling  or  by  digging  trenches  or  pits. 


■-““Lower  Paleozoic  section  of  Southwestern  Pennsylvania,”  Jour.  Wash.  Acad.  Sci.,  Voi. 
12,  pp.  S.AS-SfiO,  1922. 
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It  seems  that  nearly  all  the  folds  are  closely  t'ompressed  and  that 
ihe  strata  have  a jnore  or  less  prevailini^'  steep  dip  to  tlie  southeast 
altliough  there*  are  many  exee])tioTis  to  lliis  generalization. 

Tlie  nnnu'rons  vaideties  of  limestone  are  jeractically  all  crystalline 
and  many  of  tliein  have  leeen  converted  into  heauliful  medium  lo 
coarse-grained  marhles.  The  degree  of  marmorization  depends  jeartly 
upon  the  amount  of  comjei-ession  that  the  strata  have  undergom*  hut 
mi>re  u])on  the  original  physical  and  chemical  comjiosition  of  the 
i-ocks.  The  massively  lu'ddcd  strata  arc*  much  more  crystalline  than 
tin*  thinly  bedded  ones  and  the  ]uirer  limeston(*s  and  dolomites  are 
lilcewise  more  highly  crystalline  than  are  the  argillaceous  or  arena- 
ceous varieties.  IMany  minerals  characteristic  of  metaniorphic  cal- 
careous rocks  are  icresent.  Xumerous  vein  mim*rals  arc*  also  found 
in  small  quantity,  most  of  them  prcihahly  hi-ought  in  by  the  heated 
circulating  waters  during  the  jerocess  of  metamor]ihisni.  Jandorf-'* 
lists  the  following  minerals  that  have  l)e(*n  found  in  these*  limestones: 


Gra]diite 
Galena 
8]dialerite 
( 'halcopyrite 
1 'yrite 
iMarcasite 


Fluorite 

(pia  rtz 

Hematite 

Limonite 

Galcite 

Dolomite 


Ankerite 

Siderite 

Aragonite 

IMalachite 

Aslcestos 

Chlorite 


Serpentine 

Talc 

Xitro-calcite 

Barite 

Gypsum 


('oiuiloiiicratv. — Almost  every  quarry  of  considerable  size  ex]>oses 
a number  of  layers  of  stone  jeossessing  different  jthysical  as  well 
.IS  chemical  characters.  One  of  the  most  interesting  phases  is  tin* 
(•(•nglomerate  or  breccia  variety  of  the  ('onestoga  formation  that 
is  well  develoiced  in  the  vicinity  of  York  and  extends  eastward  to 
^^T•ightsville  and  westwai'd  to  Thomasville.  This  has  been  called 
■■intra-forjiiational  conglomerate”  and  also  “edgewise*  conglomerate.” 
The  latter  tenn  is  ajiiiroiu'iate  only  where  the  fragments  are  thin 
end  are  not  parallel  to  tin*  liedding  planes.  In  some  jilaces  the  frag- 
ments and  tin*  c(*ni(*nting  mati'ix  are  so  nearly  tin*  same  color  and 
so  similar  in  all  other  respects  That  a fre  sidy  broken  ]iiece  of  rock 
scarcely  reveals  the  conglomeratic  charactei*  but  on  ex]»osure  to  tin* 
weather  the  matrix  is  dissolv(>d  moi-e  readily  and  tlie  fi-agnu  iit.-d 
M-igin  of  ihe  rock  is  stT-ikingly  exhiliiled.  At  the  ipiarry  of  tin*  Voik 
^bdley  Lime  and  Stom*  ('o.  neai-  II(*llam  station  beautiful  exanqiles 
< f this  kind  can  be  S(*(*n.  Els(*wlu*re  die  fragments  ai-e  light(*r  or 
d;n-k(*r  in  coloi-  than  the  nmtrix  and  tin*  fragmeidal  character  can 
b(*  readily  determined.  Tin*  best  exanqiles  id'  this  stone  observeil 
w(*i*o  in  tin*  quarri(*s  of  tin*  Palniei'  Linn*  and  Cement  Go.,  soulhw<*st 
of  York,  The  stone  is  there  t(*rnn*d  •‘calico  ri'ck”  and  ttvo  different 
1yi>es  occui'.  One,  kin.iwn  as  “light  calico,”  has  angular  and  irregn- 

'•'Jandorf,  M.  L.,  Proliniiiiary  rc]iort  on  the  York  A'tilley  limestone  ludt ; Pa.  Top.  and 
Geol.  Survey  (’umm..  I'.i  IL-J  B 1 2 . pp.  106-112.  1012. 
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lar  fragments  of  a chill  gray  color  enclosed  by  a matrix  of  white 
stone  witli  both  fragments  and  matrix  well  crystallized.  Another 
variety,  called  “dark  calico,”  contains  dark  bluish  gray  fragments 
in  a muddy  gray  cement.  In  ])laces  this  matrix  contains  an  aj)- 
]>reciable  ([nantity  of  ])yrite. 

The  fragments  (d'  this  conglom(*rat(*  are  of  various  sizes  ii|>  to  3 
f(>et  in  dianudc'r.  in  some  }»lac(‘s  the  fragments  are  fairly  uniform 
in  size  but,  in  general,  large  and  small  ]deces  are  ])resent  in  the  same 
b(>d.  Sonn*  ar<*  rounded  as  though  th(=y  liav(‘  been  worn  by  being 
i-olh'd  but  most  are  decidedly  angular  and  s(>ein  to  indicate  ice 
I I'ansjiortaticm  as  suggested  liy  Walcott.  Xo  explanation  that  has 
Ihns  far  been  offered  for  conglomerates  of  this  kind  seems  to 
account  satisfactorily  foi-  the  formation  of  these  York  Valley  con- 
glomerates. 

IM.assive  and  thin  beds  of  uniform  color — white,  gray  and  dark 
bluish  gray  to  almost  black — are  also  ]iresent,  interbedded  with  the 
conglomerates.  In  some  cjuarric's,  as  for  example  tlu'  Bittinger 
(|uarry  of  the  Bethleluun  Steel  Co.  north  of  Hanover,  the  rock  in 
lK)i'tions  of  th(‘  (piaia-y  is  so  uniform  that  it  is  difficult  to  determine 
th(“  bedding  ]>lanes. 

Thin  shaly  layers  of  little  value  for  any  purpose  ai*e  present  in 
some  quarries  and  materially  add  to  the  difficulties  and  expense  of 
operation. 

In  places  an  esi)ecially  soluble  layer  has  bcwome  ])orous  or  caver- 
nous near  the  surface*.  The  openings  have  a tendency  to  fill  with  clay 
washed  down  from  the  surface  and  then  are  objectionalde.  A 5-foot 
bed  of  this  kind  at  th(>  qmmw  of  tin*  Thomasville  Stone  and  Lime  Co. 
contains  so  much  clay  that  it  is  difficult  to  kee])  the  good  stone  clean. 

Oolitic  limestones  are  not  abundant  in  the  region  1 ut  are  found 
occasionally.  The  Iwst  <‘xam]de  noted  was  at  the  quarry  of  the 
Thomasyille  Stone  and  Lime  Co. 

The  York  Valley  contains  a large  (piantity  of  unusually  fine  stone. 
It  has  yielded  a great  deal  of  low  silica,  dolomite  and  low 
silica  and  low  magnesium  so  that  much  of  the  i-aw  stone  and  the  lime 
formed  from  it  have  been  in  demand  for  tluxes  and  for  various 
chemical  uses.  In  addition  there  are  many  high  silica  limestones 
and  dolomites  tliat  are  better  than  the  low  silica  varieties  for  crushed 
stom>  and  ballast. 

Some  (d’  the  (pmrry  men  have  been  fortunate  in  finding  sufficiently 
iai-ge  bodi(‘s  of  high  grade  stone  of  fairly  uniform  composition  so 
lhat  they  have  little  difficulty  in  meeting  the  demands  of  their  cus- 
tomers. (buKually,  however,  due  to  complexity  of  structure  ami 
variations  in  chemical  composition  of  the  different  beds,  and  even 
within  th(“  same  bed,  the  operators  must  use  unusual  care  in  working 
their  quarries  iu  ortler  to  obtain  a uniform  product.  The  quarries 


work(‘(l  for  clieniieal  liinostoiie  oi'  linu*  must  riiref)ill\  avoid  llie 
s|;ots  wliere  tin*  stoiio  is  liiiih  iu  siliva,  alumina  and  ]»yi-it(‘  wlmreas 
tlie  (iuarri('s  furuisliiui;-  cruslu'd  .stouo  ums1  \vast(*  the  shaly  layei's 
sometimes  eucountei'ed. 

For  Hiese  rcaisoiis  it  is  always  wtdl  to  imt  down  a uuudi(‘r  of  test 
drill  holes  before  oiumiiu;  any  (iiiaiay  iu  the  region  uuh‘ss  the  iialural 
ex])osures  arc*  unusually  good. 

]'ari((fioii.'<. — Xo  lH“tt(*r  (‘xaiiiph*  of  varialious  iu  the  slom*  can  be* 
given  than  tin*  data  obtained  on  tin*  fanii  of  S.  Furry  Laiicks,  1’  miles 
north  of  York  where*  10  eoi'c*  drill  h()h*s  W(*rc*  ]»ut  down  to  (h*])lhs  of 
ILY)  to  201!  feet.  Tin*  i-ock  at  that  leoint  as  (*x]iosed  in  two  small  aban- 
doned (iuarri(*s  is  m(*t;niiori)hos(*d  to  such  au  extent  that  tin*  bedding- 
planes  are  indistinct.  Exceitt  in  a very  gem*ral  way  and  for  the  hoh‘s 
relatively  close  togeth(*r  it  was  not  found  jmssilde  to  correlate  the 
beds  by  either  ch(*mical  or  ichysical  characti*rs. 


^rctioji-s  (111(1  (fiKil i/sc.s  of  I i iHcxfoiic  from  LddcL's  f((rm  2 milc.s  nortli 

of  York. 


Hole 

Xo.  1.— 2(il  feet 

Feet 

CaC'O'.i 

.UgChbi 

.HOG 

FeeOe 

SiOe 

1’ 

for 

entire 

hftl*.‘ 

White  den.*;?  crystallin"  ftone 
IS.  Gr;\vi?li  bino  stone  __  . _ . _ 

Simj('  us  -V  - 

n,  .Approximatel.v  doloinitr  . _ . 

K.  While  crystalline  stone 
F.  Liq-ht  bin:’  stone  - 

0.  Fight  blue  stone  with  pink:  discolorations 1 

n.  Blue  stone  slightly  darker  tluin  O 

1.  Dark  blue  ston'  . _ _ . 

J.  Very  dark  blue  stone,  rather  soft  and 

grapliitie 

4- 

S-T 

1 

IS 

21 

22 

19 

US.  87 
Ihi.Sl 
5:).2.) 
f>ll.S7 
fid.  72 
93.12 
fH.U2 
8;J.S2 

7.". 14 

1 .cc 
1.47 
2.'^P 
40.2.5 
2.70 
.4.07 
0.  ,52 
O.-SO 
14.24 

21.  s7 

o.;i2 

0.20 

0.20 

0.44 

0.15 

0.20 

0.2:4 

0.55 

0.03 

0.U3 

0.20 
0.04 
0.12 
0.11 
0.25 
0.17 
0.1^^ 
1 .24 
1.30 

1.84 

0.004 

Hole 

Xo.  2.— 217  fi'ct 

Overburden  2-feet 

White  crv.stalline  .stone  ..  . 

18 

07.95 

1..83. 

0.08 

0.11 

n.  Di  nse  crystalline  gray  ston.-  2' 

Gray  stone 

O'S" 

Gray  stone 

O'ii" 

Gray  ston : 

I'KI"  

r> 

<i2.45 

;'0.79 

0.3S 

0..34 

C.  White  Stone 

ir 

AVhite  scone  V 

D'I!S('  a hit 

• (‘rvPtiilline  Ptoiu>  ^y>'  yith 

Tiinkish  tints  in  spots  and  turning  gray- 

ish  toivards  lowm*  2(1' 

Ufk-SO 

2.^3 

0..31 

0.17 

D.  Dptipc  ‘rrnyi?li  whito  Ptono  . 

71 

PF.U 

3.-t3 

0.27 

0.12 

y.  ‘nurk-  r £rniv  Pton'*- 

44 

s.'.rn 

12.40 

0.50 

1..30 

P.  Very*  dark  blue 

stonei  gniphitic  _ 

12 

76.19 

21 .79 

1.50 

0.(105 

Hole 

Xo.  ?.~-?(V.  feet 

Overburden  2-feet  • 

.A.  Wltiti'  crystalline  stone  willi  small  blue  in- 

elusions  

1:-G 

•)7.40 

2 . oo 

0.11 

0.1] 

B.  Gray  hani  stone  -I' 

Gray  stoni* 

^ 

7 

73.  S2 

2.1. 48 

0.4S 

O.OG 

C.  AMiite  stone 

White  stone 

10'  

i:’. 

9:].U 

6'.  02 

0.25 

0..30 

D.  Rathi'V  hanl  gray  stone  57' 

Streaked  pith  blue  -1'  . . 

f*l 

02.51 

84. 54 

0.73 

2.33 

E.  Dense  blue  stnn-  25' 

Dense  blue  stone  27'  -- 

t.:2 

91.91 

0.77 

0.4S 

O.IKI 

n.0045 

96 


Hole  No.  4. — 15(1  feet 
Uverburden-7  feet 

L''  i‘t 

7!) 

If) 

OaGOo 

-MgOOii 

1 

AI2O3  i 
Fe-Os  ; 

Si02 

P 

for 

entire 

hole 

A.  Dense  white  (Tvstalline  .stone - . 

B.  Blue  .stone  ....  . 

O.  Gray  crystulliiis  stone,  den.se  but  weath.'r  il 

in  spots  . - _ 

1>5.55 

ur.fHi 

n 

3.0G 

2.G4 

25.90 

0.19 

0.13 

0.7G 

0.22 

0.17 

o.n 

O.OC-2,' 

Hole  No.  .=). — 125  feet  " 

- 

Overburden-12  feet 

A.  Dense  white  erystaliinc  stone  witli  pinkish  tint 

-U 

U'.j/Jl  I 

3. 08 

0.15 

0.-23 

B.  Pinkish  gray  .“tone  with  .“treaks  ot  dense 

1 

white  erystalline  stone  _ . 

';2.07 

:J0'.51 

0.5G 

0.13 

C.  Dense  gray  stone  --  - 

114.42 

4.99 

G.19 

O.Zj 

0.003 

D.  Sihceous,  poor  looking  stone-lh  feet 

Hole  No.  (>. — 1-14  feet 

Overburden-p  feet 

A.  White  stone  __  . . ... 

07.54 

2.05 

O.IG 

0.20 

li.  Gray  erystaliine  ston,'  ..... 

±) 

7-3. 7 '8 

■73.78 

0.27 

0.13 

0.  Blue  stone  getting  darker  with  d-'itth,  ... 

(f) 

DJ.80 

3.80 

0.44 

0.92' 

D.  Dark  blue  stone  ..  . ....  ...  

70.4(1 

IS. 4.8 

0.G9 

l.:;o 

O.OOG 

Hole  No.  7. — 10(1  feet 

Overburden-10  feet 

.1.  Dark  blue  graphitic  stone  sliglitly  dolomitic 

U2.2S 

5.93 

0.43 

1.42 

0.012 

Hole  No.  8. — 247  feet 

A.  Dolomitic  stone  in  spots  ... 

17 

10.95 

0.44 

1.6G 

B.  Dolomite  3' 

Dolomite  O'G"  . . . 

■M 

55.  CG 

43.03 

0.64 

0.74 

. White  stone  4' 

White  stone  70'G"  . . . . 

74A 

9G.04 

2.90 

0.24 

0.78 

D.  White  stone  siliceous  in  spots  ..  ... 

88.43 

3.22 

0.20 

8.22 

K.  Dolomite  ... 

4 

57.69 

40.99 

0.44 

0.72 

. Light  blue  mottled  stone  . _ _ . 

:13 

04.30 

3.52 

0.14 

■ 1.90 

G.  Dolomite  „ ...  ..  _ ...  . 

18 

53.70 

43.30' 

0.43 

0.58 

H.  Rather  poor  looking  dolomite  .. 

-1-3 

ss.u 

0.20 

0.59 

1.87 

0.007 

Hole  No.  n.— 227  feet 

Overbimlen-4  feet 

White  crystalline  sloii'  . . . 

40 

07.81 

1 .Sfl 

0.12 

0.-28 

B.  Dolomit'j  ...  . ......  ..... 

() 

03.84 

£3.96 

' 0.71 

1.48 

r.  W’hite  stone  with  pinkish  discoloration  

(!u 

07.00 

1 .7.5 

0.10 

0.27 

D.  Dolomite'  . . .....  ...... 

1 

G1.G1 

37.47 

0.2G 

0.49 

I'.  Dense  white  stoiii'  with  grayish  str.'aks 

45 

97.24 

2.31 

0.13 

0.40 

P.  Grayish  limestone  . ....  . . ... 

5C) 

/).3 . 5:4 

0.14 

0.15 

1.10 

G.  Dolomite  wnitli^rrd  

10 

57.92 

41.48 

0.33 

■ 0.27 

o.oo'; 

Hole  No.  10. — 117  feet 

Ovcrburden-4  feet 

1 

Hard  dense  dolomite  ...  ... 

i 'i:i 

53.01 

4'^ . 42 

1.09 

0.34 

0.010 
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Polished  drill  cores  of  marble  from  Laucks  farm,  York. 

IniildiuL;  |iin-]ioses  and  fni-  a.UTiciiltnral  lime  and  immerons  small 
(I) 'alliums  wev(‘  made  Tn  sni»]dy  maivliy  local  ns(‘i-s.  I'^'orn  IS.IO  to 
abonl  ISh'.'  1lie  nnmei’ons  limonitc'  iron  oia*  mim's  of  the  limestone 
'.alley  and  adjoining  i-eyions  and  some  masinetile  mim*s  in  the  f)ld(‘r 
crystalline  rocks  to  the  south  rvere  rvorked  and  the  ores  redneed  in 

7m 


Uses. 

ddn*  rmeslones  of  th('  York  \'a!h‘y  ha\(‘ 
liie  limestom*  indnsiry  has  jias'-ed  throiiiih 
(h'scidhed  in  the  discussion  of  (Oher  lamions. 


onii  h(‘(m  ([uai-ried  and 
about  th(‘  same  stajii'es 
Th(‘  (\ailiest  nsi^s  wana' 


PLATE  V. 
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tlie  ii(‘;u-l:y  lej^iuii.  ^laiiy  limestone  quanies  wei-e  1 liei-efore  opened 
to  supjdy  stoiK*  lor  linx.  ^Vitll  the  closing  down  of  all  these  iron 
mines,  the  increase  in  cost  of  labor,  and  the  improvement  in  railroad 
transportatioiq  the  small  quarries  w-ere  abandoned  and  large  quarries 
were  o]>ened  near  the  railroads  and  in  localities  wliere  the  quality 
of  the  stone  was  supei'ior.  These  have  been  extensively  worked  for 
lini(‘.  The  lat(*st  extensiv("  iis(*  has  been  for  crushed  stone  for  roads 
and  for  concret(“. 

The  limestones  of  York  and  Adams  counties  are  not  particularly 
well  adapted  foi-  construction  pur])Oses  although  local  stone  was  used 
for  a number  of  buildings  and  still  imme  has  been  used  for  foun- 
dations. Tin*  joint  ])lanes  are  numerous  and  iri-egular  so  that  in 
most  plac(‘S  it  is  difficult  to  get  out  building  blocks  without  undue 
waste.  These  joint  planes  are  due  to  the  com])ression  which  the 
strata  have  undergone. 

I ti'essed  rnarhle.  so  far  as  known,  has  never  licen  taken  from  the 
York  N'alhw.  notwithstanding  the  fact  tliat  in  several  places  north 
and  west  of  York  there  :tre  some  beautiful  varieties.  Some  of  the 
coT-(  s ohtaimal  in  diamond  drilling  on  the  farm  of  S.  Forry  Laucks, 
2 miles  north  of  York,  have  Ikhmi  ])olished  and  are  unusually  attrac- 
tive* I See  PI.  V,  p.  97).  There  is  some  ]ntr(>  white  but  most  is  liand- 
s(»mely  mottled.  I'articularly  the  conglomerate  layers  described  on 
a preceding  page.  There  are  the  light  varieties  and  the  darker 
shades  and  one  gray  :uid  white  with'  ])ink  bands  and  blotches.  Un- 
doul)tedly  the  marble  wottld  find  a mark(*t  for  interior  decoration. 
It  would  hav(*  to  be  ((tiarried  with  channeling  machines  as  the  stone 
bi-eaks  too  irregularly  in  blasting.  On  account  of  joints  there  might 
b(>  a larg(‘  amount  of  waste  although  ;it  lower  levels  the  joints  would 
jirobably  be  h*ss  uumei'ous.  Tin*  high  grade  character  of  the  stone, 
as  sho'vii  liy  the  analyses  on  a ])i‘eceding  ]iage,  would  ])ermit  the 
util  zatiou  of  the  i-efuse  foi“  linn*,  flux,  or  other  uses. 

High-grade  chemical  lime  is  made  at  several  ]daces.  most  notably 
at  tin*  Thomasville  (piarries  (See  Plate  VI),  and  those  located  west 
and  southwi'st  (A  York. 

White  cement  is  mad(>  1 mile  west  of  York  by  the  Sandusky  Cement 
Co.  I'ormerly  a limestone  quan-i(*d  adjacent  to' the  plant  was  used 
but  in  recent  yeai-s  tin*  stone  has  Imeu  obtained  from  the  Thomas- 
\ ilh*  (|uai  ries.  Tin*  white*  clay  mixed  with  the  limestone  is  oletained 
frojii  (’umberland  and  Huntingdon  counties. 

FluxiTi.g  stone  is  now  quariied  extensively  in  the  vicinity  of  Bit- 
linger  but  many  of  the  other  quarries  primarily  worked  for  lime 
have  stone  that  would  be  highly  desirahle  for  flux. 

Tin*  demand  ff>r  crushed  stone  has  been  so  great  during  the  past 
few  years  that  many  (piarries  have  been  worked  entirely  for  this  ])ro- 
duct.  These  are  mainly  near  Hanover,  York  and  Wrightsville. 
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PLATE  VI. 


B.  Heavy  blast  in  Thomasville  quarry. 
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Space  will  not  permit  a separate  description  of  each  quarry  but  a 
few  districts  are  worthy  of  special  attention.  In  the  1910-1912  Eeport 
of  the  Tojioip ajihic  and  Geological  Surv(‘y  Commission  of  Pennsyl- 
vania id.  L.  -landorf  has  given  a somewhat  detailed  descriplion  of 
10  (pian-ies  between  Wrightsville  and  Hanovei-. 

nittiiifjcr. — 'The  region  around  Bittinger,  about  2|  miles  north- 
west of  llano\'er,  ctuitaiiis  a number  of  ([uarries  most  of  whicli  are 
now  idle.  The  largest  now  in  operation  are  tliose  belonging  to  the 
B(“thlehem  Mim  s Corpoi-aiion  and  the  Steacy-lVilton  Co.  The  former 
is  rapidly  developing  into  the  largest  quarry  of  the  district.  The 
equipment  for  quarrying  is  elaborate,  consisting  of  a drag  line  ex- 
cavator to  remove  the  overlying  clay  which  averages  about  G feet  in 
thickness,  a 4-cubic  yard  steam  sliovel,  cable  liaulage  and  rock  house, 
large  gyratory  crusher,  trommels,  etc. 

Several  varietic's  of  stone  occur  in  lln*  (piarry.  There  is  a white 
crystalline  maible  that  is  almost  pure  calcitt*,  a dark  bluish-black 
stc'iK'  that  is  also  high  in  calcite,  and  a pinkish  gray  gnarly  dolomitic 
slomv  The  relations  of  these  varieties  to  each  other  is  indetermin 
able  on  account  of  the  crushed  character  of  the  beds.  Numerous 
slickensided  rocks  cau  be  found  throughout  the  quarry.  The  north 
part  of  1he  (jnan-y  is  mainly  in  the  (hdomitc'  and  the  east  and  south- 
(‘ast  fact's  show  high  calcium  stone.  The  solution  cavities  beneath 
I he  clay  covtu-  are  deejuu’  and  more  ii-r(*gular  in  the  low  magnesian 
rock  than  in  the  dolomitic  varieties.  This  quarry  is  worked  pri- 
marily for  flux  for  the  blast  furnaces  at  Sparrow's  Point,  IMd.,  al- 
though tlse  mattua'al  from  the  crusher,  h'ss  than  2 inches  in  si;?:e  and 
some  larger,  is  sold  for  road  use. 

Adjoining  the  quarry  of  the  Bethlehem  Mines  Corporation  is  the 
(juarry  of  1h(*  St(*acy-Wilton  Co.  that  is  Avorked  primarily  for  stone 
io  b(*  luirned  for  lime.  Tin*  stom'  in  tin'  tAvo  quarries  is  similar  except 
lhat  the  quantity  of  the  dolomitic  A'ariety  is  smaller  in  the  latter. 
In  certain  places  the  bedding  planes  can  be  clearly  distinguished. 
Th.ey  di]!  steejGy  to  11k‘  uorthAV(>st.  Several  faults  are  also  recogniz- 
able allhou.eh  tin*  ainouni  <»f  displacement  cannot  be  determined. 

ThomasrUle. — The  Thomasville  region  contains  some  of  the  Amry 
best  stone  in  the  district.  The  quarry  of  the  Thomasville  Stone  and 
Lime  Co.  is  the  largest  in  York  County  and  covers  several  acres.  The 
quarry  face  is  a])proximately  1200  feet  long.  The  beds  are  almost 
horizontal,  an  unusual  feature  for  the  region.  On  the  Avest  side  of 
1h(*  (nuariw  neai-  the  top  there  is  a dolomitic  layer  Avith,  a pinkish  tint 
but  the  remainder  of  the  quarry  Avith  a Avorking  face  50  to  60  feet 
high  contains  high-calcium,  loAV-silica  stone.  A large  part  of  the  rock 
consists  of  limestone  conglomerate  or  breccia.  In  1920  the  company 
quarried  191,665  tons.  Of  this  74,912  tons  Avere  sold  for  blast  furnace 
use,  IS. 487  tfuis  for  o]ien  hearth  flux,  40,018  tons  burned  for  lime. 
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Ions  pul\  erizi‘(l  L'ui-  ” lass  and  olliai-  clicinical  maiiiil'acl  arcs, 
and  S,ddU  tony  ot:  .scmniings  for  road  us(*.  Tin*  stone  bnriuMl  made 
l’2,8Gd  tons  of  lime  of  A\  liich  llJ.dTo  tons  were  sold  as  fmllv  lime,  did 
tons  of  j)ulverized  linie,  and  d,U42  tons  of  ^lass  and  agrietillnral  lime. 
The  condtined  kilns.  Id  in  all,  have  a eapaeity  of  about  12b  tons  a day. 
The  e(inii)inent  of  tin*  plant  is  deserib(*d  in  a reet*nt  nnmbei-  of  lloek 
Products  ( Vol.  XX\',  Xo.  7,  A[ir.  7,  f!)2d.  j 

The  J.  E.  Baker  (to.  has  recently  opened  a (juai-ry  of  similar  lock 
on  adjoiniiift  land  and  is  burning'  lime.  There  aia*  s(*veral  small 
abandoned  qnarric's  nearby. 

York. — (Jf  the  (juarrit*s  (dose  to  York,  the  Ihilmer  Lime  and  ( 'ement 
Co.  is  one  of  the  best.  It  contains  several  varieties  of  stom*  varying 
in  physical  character  as  well  as  in  jiercentage  of  magnesium  and 
silica.  Unusual  care  iiuist  be  exercised  in  working  tin*  (itiarry  to 
avoid  mixing  the  different  grades.  Tin*  dark  and  light  “calico”  con- 
glomerates described  on  a jirevious  ])age  arc*  (*s[»ec:ally  abundant. 
Parts  of  the  quarry  show  some  very  close  folding  but  throughout 
most  of  the  (ptarry  flu*  metamorjdiism  has  l)e(*n  so  intense  as  to  oli- 
literate  the  bedding  planes  and  the  structures  are  indeterminate. 
The  company  burns  ])ractically  all  of  the  stom*  quarried  and  markets 
it  as  lump,  ]>ulverized,  and  hydrated  lime.  A large  (piantity  is  used 
tor  chemical  pur]»oses  and  also  for  agriculture.  The  ea]»acity  of  tin* 
])laut  with  ordinary  draft  is  301)  tons  of  lime  ])er  day  or  3G0  tons  with 
forced  draft.  Part  of  the  stom*  (piarried  is  a very  handsome  motth*d 
marble  and  might  be  utilized  for  interior  decoration.  So  far  as 
known  it  has  never  be(*n  used  in  this  way. 

The  York  Stone  and  Sup])ly  Co.  operates  a quarry  11  miles  north 
of  the  center  of  York  Avhere  they  have  a Avorking  face  about  90  feet 
high  ill  the  side  of  a hill. 

ill  ] nrk  Stone  d-  Yiijipli/  ('o.  (imirrii,  near  Yorl:. 

Fret 


Overburden  of  clay 4 

(I'onqiact  crystalline  rock  Avith  i)inkish  or  light  gre(*u  tint  20 

Dense  dark  blue  to  black  rock bO 

Gray  soiiiOAAdiat  shaly  rock  exposed  on  soutliAvc'st  corm*r 
of  quarry y-, 


All  the  material  is  crushed  and  sold  for  concrete*  and  for  road  and 
street  Avork  in  the  vicinity.  The  ca]»acity  of  the  jdant  is  about  :i7b 
Ions  per  day. 

S(*veral  (pian-ies  in  the  vicinity  of  IJellam  Station  have  been  worked 
for  lime  in  the  jeast.  At  present  the  i)i-inci]ail  one  of  the  these  in 
operation,  on  the  farm  of  Walter  F.  .Mlyers.  Avest  of  llellam  Station, 
is  leased  by  the  b ork  b alley  Linn*  and  Stom*  Co.,  and  AA'ork(*d  eu1ii“(*ly 
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fur  (.-ruslied  sloiic.  it  ecMitaiiis  a 30-fout  stratum  of  high  calcium, 
low-s  lica  rock  that  was  formerly  worked  for  high  grade  lime  and 
also  a 20-fuot  hed  of  low-silica  dolomite.  xV  shaly  hand  of  poor  rock 
cuts  through  the  quarry.  The  operations  are  mainly  confined  to  a 
series  of  grayish-hlue  com]»act  massive  beds  exposed  in  the  north  part 
of  the  quarry. 

x\.t  Stoner’s  Station  stone  has  been  (piarried  for  lime  in  a small 
way  and  efforts  have  recently  been  madt*  by  the  Wrigiitsville  Stone 
and  Lime  Co.  to  expand  the  operations. 


Scriioii  ill  fiH-e  of  qiiairii  at  t<foiicr'n  Station. 

Feet 


Limestone  conglomerate 

Thin  to  thick  beds  of  limestone 

Shaly  limestone 

Limestone  breccia 

Shaly  limestone 

Extremely  coarse  limestone  conglomerate 

Shaly  layer 

Limestone  conglomerate 

Shal}^  congionierate  exposed  in  bottom 


If 

25 

2 

8 

o 

12 

8 


Two  old  quarries  at  Wrigiitsville  have  furn'shed  a great  amount 
of  stone  for  lime  in  the  past.  One  of  these,  belonging  to  the  Beard 
Lime  Co.,  Avas  closed  a few  years  ago  Avhen  an  extensive  landslide 
occurred,  and  the  other  one  owned  by  the  Steacy-Wiltou  Co.,  Avill 
l)robably  be  closed  soon  as  the  operations  have  extended  almost  to 
the  property  lines.  When  visited  in  1!121  it  Avas  being  Avorked  for 
crushed  stone  and  supplying  about  100  tons  per  day.  The  dip  and 
strike  Avere  determined  at  a jilace  that  seemed  to  represent  a fair 
average  of  the  i)revailing  inclinations  and  found  to  be:  strike  N.80°- 
W.,  dip  .5.5°  S.  tv.  There  are  seveiml  varieties  of  I'ock  in  the  quarry, 
some  of  AAdiicb  are  shaly  and  of  little  use.  A layer  of  impure  lime- 
stone about  1 feet  thick  has  been  quarried  for  building  purposes. 
Conglomerate  layers  are  common  throughout  the  quarry.  In  some  of 
I hem  the  individual  fragments  are  10  to  12  inches  in  diameter. 


At  XcAv  Holland  ( SaginuAv  B.  O. ) the  J.  E.  Baker  Co.  is  Avorking 
a bed  of  loAv-sil:ca  dolomite  al)out  (iO  feet  thick  for  stone  for  flux 
and  for  lime  that  is  sold  for  plaster,  agricultural  and  chemical  pnr- 
])Oses,  and  an  underlying  bed  of  loAV-silica,  high-calcinm  rock,  about 
55  feet  thick,  that  is  sold  for  flux  and  for  road  metal.  The  structure 
is  fairly  regular,  the  beds  dipping  about  15°N.  From  the  quarry 
nortliAAmrd  to  the  Triass’c  contact  there  are  nnmerons  exposures  of 
limestone  that  is  said  to  be  a loAv-silica  dolomite. 


I ; !■ 
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('hcmUal  a nal tfses  of  innc-stoitc.s  of  York  aiid  Adams  Voanties. 


Adams  County. 
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21.90 
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0.63 

0.39 
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0.90 

0.00 

0.53 
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0.83 
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69.93 
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MgCOa  
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28.88 

20.22 
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5.41 

3.93 
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1.51 
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0.00 
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0.00 

1.20 

0.43 
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0.24 
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1.  Tavo  old  pits  on  farm  of  A.  J.  Bair,  3 miles  soullnvest  of  McSlierrystown.  Average 
of  2 samples. 

2.  (),d  pit  on  farm  of  A.  Grove,  2 miles  soutinvest  of  McSlierrystown. 

3.  Abandoned  quarry  on  farm  of  Andrew  Uiidisville,  1 mile  west  of  Bittinger. 

4.  Small  pits  on  farm  of  John  Krug,  1 mile  west  of  Bittinger.  Average  of  5 analyses. 

5.  Small  opening  on  farm  of  John  ivnig,  3 miles  northwest  of  Hanover,  i mile  norm  of 
Bittinger.  Average  of  2 samples. 

G.  Abandoned  Slagel  Quarry  2j  miles  northwest  of  Hanover. 

7.  Jacob  Moul  Quarry,  2^  miles  northwest  of  Hamwer.  Average  of  G samples. 

8.  2 abandoned  quarries  on  farm  of  Clayton  Berkheimer,  2i  miles  nortliwest  of  Hanover. 
Average  of  4 samples. 

9.  Outcrop  on  farm  of  J.  H.  Barnett,  2\  miles  northwest  of  Hanover. 

U).  -\bandoned  quarry  of  George  81agel,  2^  .miles  northwest  of  Hanover. 

11.  Steacy-AVilton  Quarry  2^  miles  noithvest  of  Hanover.  Average  of  82  samples. 

12.  Bittinger  Quarrj-  of  Bethlehem  Steel  Co.,  2J  miles  northwest  of  Hanover,  a.  Average 
analysis  of  1.S6  samples;  b.  Average  analysis  of  15  samples;  c.  High  calcium  stone;  d.  High 
magnesium  stone. 


York  Comity. 
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1.3.  Abandoned  quarry  on  farm  of  Win.  Keffer,  1}  miles  north  of  Hanover.  Average  of 
2 samples. 

14.  Small  quarry  on  farm  of  Samuel  lYltmer,  IJ  miles  north  of  Hanover. 

15.  Outcrop  along  railroad  at  Jacob’s  Mill  3 miles  northeast  of  Hanover. 

10.  2 small  quarries  on  farm  of  J.  J.  Hershey  along  R.  R.  1 mile  southwest  pi  Menges 

Mills.  Average  of  2 samples. 

17.  Small  abandoned  (iii.  riy  on  l<‘wis  farm  a short  distanoe  northeast  of  Menges  .Mills,  north 
side  of  R.  R.  Average  of  2 samples. 

18.  George  Hoke  Quarry  along  Pennsylvania  Railroad,  a short  distance  northeast  of  Menges 
Mills. 

1!),  Bittinger  abandoned  Spring  Grove  Quarry  on  P.  R.  R.,  } mile  southwest  of  Spring 
Grove.  Average  of  6 samples. 

20.  .1.  B.  Rehman  abandoned  quarry,  2 miles  west  of  Thomasville.  Average  of  2 samples. 

21.  3 abandoned  quarries  of  King  and  lYilliams,  1 mile  west  of  Thomasville.  Average  of 
G samples. 

22.  Old  quarry  belonging  to  Paul  Krugg,  1 mile  west  of  Tliomasville.  Average  of  2 samples. 

23.  Spengler  abandoned  quarry,  { mile  west  of  ThomasviUe. 
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24.  Quarry  of  Thomasville  Stone  mid  Lime  Co.,  J mile  soutlnvest  of  Tliomasville.  a.  Average 

of  7 samples  of  low  magnesium  stone,  b.  High  magnesium  stone. 

25.  Larin  of  Robert  Baer,  1 mile  east  of  Thomasrille. 

20.  3 abandoned  Gross  quarries,  li  miles  east  of  Tliomasville.  Average  of  14  samples. 

27.  Farm  of  Wm.  Yost,  IJ  miles  east  of  Tliomasville.  Average  of  6 samples. 

28.  Farm  of  Jacob  Bmig,  14  miles  east  of  Thomasville.  Average  of  9 samples. 

29.  Farm  of  Zacli.  Louver,  2 miles  east  of  Tbomasville.  Average  of  3 samples. 

30.  Farm  of  Wm.  Yost,  2 miles  east  of  Tliomasville.  Average  of  4 samples. 

31.  Farm  of  Wjii.  Bott,  21  miles  west  of  York.  Average  of  10  samples. 

32.  Farm  of  Gise  & Diehl,  2 miles  west  of  York. 

33.  Wm.  Smj'ser  Farm,  purchased  by  Bethlehem  Steel  Co.,  2 miles  west  of  York.  Averages 

of  6 100-foot  holes  w’ith  analysis  every  5 feet,  a,  b,  and  c located  in  east  part  of  property, 

d,  e,  and  f in  west  and  northwest  part. 

34.  David  Bentzel  Farm,  2 miles  west  of  York.  a.  average  of  4 samples,  b.  average  of 
3 samples. 

35.  Farm  of  Theo.  Helb,  2 miles  west  of  Y'ork. 

30.  Farm  of  Chas.  Kurtz,  IJ  miles  west  of  York.  a.  Average  of  2 samples,  b.  Average 

of  3 samples. 

37.  Palmer  Lime  and  Cement  Co.,  14  miles  southwest  of  York.  a.  White  and  mottled 
(calico)  marble,  b.  Pure  white  sugary  marble,  c.  Gray  dolomite.  Analysis  by  company. 

38.  Property  of  C.  M.  Eichelburgcr,  1 mile  west  of  Y'ork. 

:!9.  Quan-y  of  Eraigsvillp  Limestone  Co.,  Einigsville.  Average  of  7 samples. 

40.,  Abandoned  quarry  of  East  York  Co.,  14  miles  east  of  York.  Average  of  3 samples. 

41.  York  Talley  Lime  and  Stone  Co.,  (farm  of  W.  F.  Myers)  i mile  west  of  Hellam  Station, 

a.  Average  of  14  samples.  Analyzed  by  Bethlehem  Steel  Co.  b.  30-foot  bed  extensively 

W'orked  for  lime.  c.  20-foot  bed  of  low  silica  dolomite.  d.  Fair  average  of  run  of  quarry 
(xclusivo  of  shaly  layers.  Analy.'c.s  b.  c,  ami  d lurnishi.d  by  Compriiy. 

42.  Benjamin  Stoner  quarry,  § mile  northwest  of  Hellam  Station.  Average  of  10  samples. 

43.  Quarry  of  .John  Bmig,  southeast  or  Hellam  Station.  Average  of  5 samples. 
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4-1.  I'roperty  of  Wrightsville  Stone  and  Lime  Co.,  Stoner’s  Station.  a.  Conglomerate  in 
(luarry ; b.  Shaly  layers  in  quarry ; e.  In  -woods  near  railroad ; d.  Conglomerate  near  kiln ; 
c.  Outcrop  in  Held  east  of  quarry ; f.  Near  railroad  bridge ; g.  Lo-west  grade  conglomerate  in 
quarry;  li.  Dark  stone  near  kiln;  i.  Lest  stone  from  main  conglomerate  layer  in  quarry. 
Analyses  by  J.  W.  Kellogg. 

45.  Quarry  of  Beard  Lime  Co.,  Wriglitsville.  Average  of  10  samples. 

40.  rnion  Stone  Co.,  Nerv  Holland.  a.  Average  analysis  of  5.5-foot  bed  of  lo-w  silica 
dolomite.  b.  Average  analysis  of  UO-foot  bed  of  high  calcium  stone.  Analyses  funiishcd  by 
Company. 

.Vnalyses  1-30,  38-40,  42  and  45  made  by  Betlileliem  Steel  Co. 


NORTHAMPTON,  LEHIGH,  AND  BERKS  COUNTIES. 

The  Caiiilii’iaii  and  Ordovician  limestones  of  the  Great  Valley  and 
its  olf-shoots  lie  within  the  comities  of  Northampton,  Lehigh,  Berks, 
I^ehanon,  Danphin,  Cnmberland,  and  Franklin.  For  purposes  of 
discussion  these  are  treated  in  tliis  report  in  three  divisions.  The 
lirst  division,  tlie  area  comprised  within  Northampton,  Lehigh  and 
Berks  Counties,  lic'S  almost  entirely  between  the  Delaware  and 
Schuylkill  rivers;  the  second  division  including  Lebanon  and  Dau- 
phin counties  is  between  the  Schuylkill  and  Susipiehanna  riv(*rs ; and 
the  third  division  of  Cumberland  and  Franklin  counties  is  between 
the  Susipielianna  Liver  and  the  Maryland  border. 

The  limestones  of  Northanpiton,  Lehigh,  and  Berks  counties  form 
a continuous  band  from  four  to  eight  miles  -v»ide  occupying  the 
central  portions  of  these  counties  and  trending  from  northeast  to 
southwest.  In  addition  to  the  main  body,  there  are  in  each  of  the 
three  counties  some  partially  and  wholly  detached  smaller  areas  re- 
sulting from  folding  and  faulting  of  the  strata  and  subse(|uent 
erosion.  As  a consequence  of  similar  comibe.viiio.s  of  slnictun*  llici’c 
are  some  small  outliers  of  both  older  and  younger  non-calcareoiis 
I’ocks  within  the  limestone  areas. 

Th(‘  limestoiu's  of  this  belt  are  boi-dered  on  the  south  and  south- 
mist  by  tin'  higher  ridges  known  variously  as  South  IMountain,  T,e- 
high  IMountain,  or  Durham  and  Leading  Hills.  Those  ridges  com- 
posed of  the  I’csistant  Camlirian  sandstones  and  quartzites  and  ]ire- 
Cqinbrian  gneisses,  rise  to  a In'ight  of  000  to  1100  feet  above  sea 
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level.  The  limestones  in  the  adjacent  valley  have  an  elevation  of 
LlOO  to  500  feet.  On  the  north  and  northwest  the  limestones  are  in 
contact  with  the  younger  shales  and  slates  of  the  Martinsburg 
( Hudson  Kiver ) formation.  These  are  more  resistant  to  erosion 
than  the  limestones  and  therefore  the  summits  of  the  slate  hills  are 
considerably  higlier,  rising  to  elevations  of  more  than  800  feet  in 
many  places. 

The  limestones  of  this  belt  have  been  divided  into  several  forma- 
tions as  shown  in  the  followdng  table,  although  tlie  area  has  not 
yet  been  completely  mapped. 


Classipcafioii  of  the  ('ambro-Ordoric'Hui  I' iiicsfo)iet<  of  Northanipton, 

Lchifjh  and  Berks  counties. 

Thickness  in 
feet. 
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:50-G00 


1.000- 


( 'onococheagne 


(Allentown) 

d(  loniitic  linncstone  1,500  + 

Tonistown  dolomitic  limestone  1,000  + 

llardyston  saTidstone  and 

([uartzite  underlying  the 

limestones 

In  general  it  is  possible  to  differentiate  the  limestone  formations 
although  there  are  some  places  where  this  camvot  be  done  with  cer- 
tainty. All  of  the  lijuestones  were  deposited  in  shallow  water  and 
exhibit  the  characteristics  of  such  deposition, — ripple  or  wave  marks, 
sun  or  mud  cracks,  rain  drop  prints,  breccia  and  conglomerates, 
oolite,  and  frequent  and  rapid  changes  in  physical  and  chemical 
composition  both  laterally  and  horizontally.  They  have  also  all 
undergone  mucli  metamor])hism  which  probably  destroj’-ed  many  of 
the  fossils,  although  it  is  not  believed  that  these  limestones  ever 
were  lach  in  organic  remains  except  in  restricted  localities.  Re- 
crystallization  of  the  carbonates  is  common  and  considerable  sericite 
is  ]>resent  along  the  bedding  planes.  All  the  limestones  contain 
numei'ous  joints  and  calcite  and  quartz  veins. 

Tomstown  Formation. 

The  Tomstown  formation  contains  considerable  interbedded  shaly 
material  that  has  a tendency  to  weather  quickly  so  that  good  out- 
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crops  are  seldom  found.  It  also  contains  some  massive-bedded  com- 
pact layers  normally  dark  blue  in  color.  The  limestone  is  every- 
where high  in  magnesium  carbonate  and  in  many  places  quite  sili- 
ceous. Ko  fossils  have  been  found  in  the  formation.  The  Tomstown 
outcrops  along  the  lower  slope  of  the  ([uartzite  and  gneiss  hills  ex- 
cept where  faulting  has  placed  other  formations  in  tliis  position. 
The  thickness  is  approximately  l,(ltlU  feet.  The  Tomstown  lime- 
stone has  been  quarried  for  lime,  tlux,  crushed  stone  and  in  a few' 
jdaces  for  building  puiq>oses. 

Conococheague  Formation. 

The  Conococheague  (locally  desiguat(*d  Allentown)  formation  is 
the  thickest  and  most  prominent  of  this  series  of  limestones.  It  is 
normally  present  near  the  center  of  the  limestone  valley  although, 
due  to  folding  and  faulting,  it  may  be  found  in  other  places.  It  can 
usually  be  recognized  by  the  abundance  of  the  fossil  Cryptozodu 
yruUfenun^  a form  of  calcareous  algae  tliat  was  graphically  de- 
scribed by  Lesley,  former  iState  Geologist,  who  did  not  recognize  its 
true  character,  in  the  followung  sentence:  “A  very  strange  peculiar 
and  entirely  mysterious  feature  of  some  beds  is  a structure  resem- 
bling a mass  of  clam  shells  closely  packed  together  with  their  rounded 
sides  uppermost.”  Un  the  edges  of  the  beds,  they  api)ear  as  a series 
of  thin  layers  in  symmetrical  waves  that  vary  from  half  an  inch  to 
more  than  a foot  in  width.  On  the  upprn-  surface  they  app(*ar  as 
small  knobs  or  bumps  from  one-lialf  to  one  inch  in  height. 

The  Conococheague  iimestones  are  everywhere  high  in  magnesium 
carbonate,  although  there  is  considerable  variation.  Deep  weathering 
gives  a banded  appearance  to  interbeddcul  strata  with  ditferent  per- 
centages of  magnesium  carbonate  because  the  more  highly  dolomitic 
b(>ds  turn  whiter  than  others.  This  is  generally  an  excellent  cri- 
terion for  recognizing  t!ie  formation,  as  the  other  formations  of  the 
region  do  not  sho\\'  this  phenomenon  well.  Some  layers  are  highly 
siliceous  and  iii  several  1ocaliti('s  there  are  a few'  thin  interhedded 
sandstone  layers.  Shaly  beds  are  present  Init  not  common.  Tlie  best 
hgures  that  have  thus  far  heen  secured  for  the  thickness  of  tlie 
( 'onococheagme  limestone  approximate  l,.50(l  feet. 

The  Conococlu'aguo  has  been  (piarried  extcuisively  foi*  lime  and 
ciaished  stone,  less  extensively  for  flux,  and  in  a few  places  for  build- 
ing material. 

Beekmantown  Formation. 

Tlie  Beekmantown  formation  is  mainly  confined  to  the  northern 
or  northwestern  ])ortion  of  the  limestone  belt.  In  places  several 
sjtecies  f>f  molluscan  fossils  are  ]»resent  although,  as  a wdiole,  organic 
remains  are  very  scarce.  The  individual  limestone  beds  are  more 
lieterogeneous  than  those  of  the  underlying  formations.  This  is 
not  especially  noticeable  on  fresh  surfaces  but  is  pronounced  on 
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^\■(‘:!t!u*l■(‘d  ]>nr1ioiis,  ]n-(Mliicii!g  :m  ii-regnlai-ly  iiudlleil  appa;u-ano(‘. 
riilika  tilt’  Tonistuwii  ami  Conococheagiie  formations,  tlie  Boekmaii- 
towu  fonvains  occasional  lieds  of  low  magnosiaii  limestone  that  are 
snitahle  for  the  mannfactnre  of  Portland  cement.  No  place  is  known, 
however,  where  the  thickness  of  these  layers  is  great  enongli  for  a 
(piarry  to  be  opened  in  them  alone ; consequently  in  quarrying  it  is 
necessary  to  sort  the  material  carefully  hy  hand  and  use  the  high 
magnesian  stones  for  other  purposes  if  material  for  cement  is  sought 
in  the  Eeekmantown  strata.  The  formation  lias  an  approximate 
thickness  of  1,000  feet. 

Jacksonburg  Formation. 

d’he  uppermost  limestone  formation  of  this  area  is  the  Jackson- 
hurg,  more  commonly  known  as  the  Cement  Kock  formation,  because 
it  has  furnislied  such  a large  quantity  of  stone  for  making  Portland 
cmnent.  Tlie  formation  has  not  been  recognized  tliroughout  the 
entire  region,  thus  indicating  an  unusual  and  somewhat  local  type 
of  deposit.  From  the  Delaware  Fiver  opposite  Belvidere  it  has  been 
traced  continuously  througli  Stockertown,  Nazareth,  Bath,  Jackson- 
ville, and  Siegfried  to  the  Lehigh  River  and  Avestward  a few  miles 
beyond  Tronton.  Disconnected  areas  occur  in  the  Aucinity  of  Fogels- 
ville,  Lehigh  County,  and  Evansville,  Berks  County. 

Tin*  Jacksonburg  overlies  the  BeekmantoAvn  limestone  and  is  OAmr- 
lain  by  the  IMartinsburg  shah’s  and  slates.  The  A\ddth  of  the  band 
ex]msed  at  the  surface  ranges  from  one-fourth  to  tAvo  miles  depend- 
ing upon  the  thickness  and  inclination  of  the  beds. 

The  characteristics  of  the  Jacksonluirg  limestone  are  discussed 
on  ])ages  110-122  under  Cement. 

Martinsburg  Formation. 

A few  lenses  of  limestone  are  present  Avithin  the  basal  Martins 
bnrg  shales  and  have  been  quarried  for  lime  in  several  places  on  a 
small  scale.  They  are  of  minor  importance. 

Structure. 

Tlie  structnri’  of  all  tlie  limestone  strata  of  Nortliampton,  Lehigh, 
ami  Berios  connties  is  very  complex.  Folding  and  faulting  have  so 
gri’atly  disturbed  the  sti-ata  that  rarely  can  one  Hud  any  considerahle 
area  in  Avhich  1he  beds  are  even  aiqiroximately  liorizontal.  Sinqih’ 
I'olds  and  overlurned  folds,  noi-mal  faults  and  thnist  faults  of  minor 
ami  major  deurce  have  been  observed  in  scores  of  ]daces.  JVere  it 
noi  for  ih(‘  surface  soils  that  so  generally  conceal  the  strata  our  de- 
laih’d  maps  would  shoAv  many  mori’  faults  and  axes  of  folds  than 
lh(>A-  now  do.  ConelatiiM!  of  beds  and  determination  of  I'xact  thick- 
ness i ■ JnitossiMe  in  most  places.  Both  the  folds  and  faults  have 
;i  fenm-a!  tr'nid  fi-om  east  to  Avest  or  northeast  to  sonthwi’st  but  there 
are  many  trans\’(’rs(’  to  these  lines. 
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• loiiils  :ni(l  veins  ol’  cnleile  and  (iiiailz  are  euinineii  in  all  the  liiia'- 
stniie  l'(iMiia1  inns  of  the  i-e^ion  and  e()nse(|neiil  ly  ynnil  slnielni'il 
niat(M-ial  is  nnenimnon. 

Quarry  Economics. 

Not  nneommoidy  l)luirs  I'l-uiu  I’O  to  KiO  I'eet  hi»h  ri.se  above  the 
slreains.  Kailroads  follow  nearly  all  the  major  sli'eains  and  some  (d' 
liie  minor  ones.  Tlie  eomlilions  favor  limestone  ([uan-yinjt  as  a 
quarry  face  with  good  drainage  ran  he  easily  developed  and  tiains 
jantalion  facilities  are  (dose  at  hand.  The  over  burden  of  residual 
(lay,  rot1(‘n  limestone,  oi'  glaeial  (h'hris  is  s(ddoni  thi(d.;.  ft  ])erhai;s 
averages  about  -f  f(‘et.  Solution  pits  or  pockets  in  the  roek  surface 
are  eommon  and  are  always  filled  with  clay.  Deep  pits  are  a seri(ms 
obstacle  in  working  the  (piarry.  Dissuia's  tilled  with  clay  ai-e  also 
('ne(!unt(“r(  (1  in  many  (piarries.  t'avities  or  small  eaves  containing 
■'cave  onyx”  aia*  not  uneonmion  hut  in  no  place  in  the  district  hav(* 
thes(‘  ca\e  de](osits  been  (tf  economic  inqtoidama'.  In  general  tin* 
s(dution  cavities  of  ail  kinds  are  jiiost  nunu'rous  A\ln*re  folding  and 
the  consequent  shattering  of  the  rocks  have  h(*en  most  intense. 

Uses. 

The  limestones  of  Xorthamidon,  Lehigh,  and  Berks  counties  have 
been  quarried  in  scores,  even  hundreds  of  places.  In  the  Allen- 
town quadrangle  that  includes  the  major  portion  of  the  limestones 
of  Northampton  County  and  a small  portion  of  Lehigh  County 
dOU  (jtiarries  have  been  opened,  ft  is  estimated  that  otX)  to  hhd 
have  been  operated  in  the  three  counties.  Naturally  most  of  tluMu 
were  small  and  were  worked  only  for  local  use.  AVith  the  in- 
dustrial development  of  the  district  a number  of  large  (piarries 
have  been  opemal  in  the  vicinity  of  the  railroads  and  are  sn[i|dyii!g 
a great  quantity  of  stone  for  flux,  lime  and  crushed  stone  foi-  con- 
cret(‘  and  road  building. 

Flii.r. — Tin*  Tomstovv  ii,  ( 'onococln  agu(‘,  and  Beekmantown  lime- 
stones hav(*  bemi  worked  to  su])ply  tluxing  material  for  the  numerous 
iron  funiac(‘s  that  Inna*  he(*n  (»perated  b(*twe(*n  Baston  and  B(*ading. 
Most  of  the  funiaees  W(*re  built  avIk'II  the  iron  mim's  of  the  la'gion 
weie  in  ('iieiation  and  have  since  h(*en  abamhmed  but,  in  a lew  jdaca's, 
(‘Specially  the  Bethlehem  and  Beading  distiicts,  tin*  snnill  furnaces 
have  been  replac(*d  by  lai’ge  ones  re(piiring  far  moia*  Ilux  and  tln*y 
in  ](art  still  rely  upon  local  (piarries  for  their  supply. 

Alllnnigh  the  limest(uies  of  the  area  aia*  being  us(*d  (*xt(*nsi V(*ly  it 
cannot  he  claimed  for  lh(*m  that  1h(*y  are  entirely  satisfaclory.  The 
great  advantage  in  their  favor  is  their  proximity  to  the  furnaces. 
Considei aide  limestom*  of  sup(*ri(n-  quality  is  .shi])ped  into  Ihe  region 
from  New  -Iers(*y  and  from  Lebanon  County.  On  the  other  hand  the 
Parryville  Iron  Company  at  Parryville  long  obtained  Iluxing  lime- 
stones from  a quarry  neai-  Northamjpon  and  the  New  Jersey  Zinc 
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( 'onipniiy  o]K‘i‘ates  a quarry  at  Alloiiloyii  to  ol)taiii  tliix  for  use 
a I its  ralinertoii  ])lant. 

Tlu*  woi-st  feature'  of  the  Jiii’estones  of  the  ai-ea  for  lliix  is  the 
pre'seiice  of  oceasional  sandy  or  shaly  heds  with  a liigh  percentage  of 
silica.  Solution  cavities  tilled  vdth  clay  are  frequently  enconntered. 
These  are  more  abundant  than  they  wonld  have  l)een  if  the  strata 
had  not  been  so  greatly  shattered  and  deformed  by  earth  movements. 
D(';q)  so!nti(tn  pits  or  jiockets  tilh'd  with  clay  are  nnmei'ons  and  make 
Ihe  i'(*moval  of  th<*  overbni'den  ex])ensive.  These  rocks  are  so  variable 
in  character  that  careful  sanqiling  and  nsnally  core  drilling  are  re- 
((iiired  to  determine  their  availal)ility  for  use  for  finx.  Experience 
has  shown  that  most  ]!ro])erties  so  ])ros]mcted  have  l)cen  rejected  as 
nndesii-able. 

The  hugest  qnari'y  now  lu'ing  o]  ('rated  in  the  region  for  limestone 
l!n\:  is  owned  by  tin'  Bethh'hem  Steel  Bomiiany  and  is  located  im 
nualiately  across  the  Lehigh  Kivei-  fiom  the  plant.  The  rock  beloiigs 
to  tin*  ronococln'agne  formation.  The  qnai'rv  is  worked  on  a large 
scale  and  is  well  e(piip]»ed  in  ('veiy  res])cct.  The  iirodnct  is  taken 
from  the  (pmri'y  to  the  blast  fni-naces  by  an  aerial  tram.  The  same 
company  obtains  similar  limestoin'  near  East  Allentown  and  for- 
merly o];erat('d  a large  qnanv  neai*  Tledington  in  the  TomstoAvn 
I'ormation.  Tt  was  abandoned  maiidy  because  of  the  unsatisfactory 
chaiacter  of  tin*  material. 

Bvihl'uifl  fitoiic. — The  abundant  limestone  strata  of  these  counties 
should  contain  good  building  stones  in  some  placesi  but  no  really 
g('od  (pmrry  is  known.  There  are  several  reasons  for  this  lack  of 
good  stein*.  Perhaps  tin*  chief  reasons  are  the  shattered  character 
of  lln*  rock,  the  irregularity  of  the  joint  planes,  the  curvature  of  the 
I (*ds  and  tin*  presi*nce  of  num(*rous  V(*ins  of  calcitc*  and  quartz,  all 
of  which  are  tin*  result  of  tin*  intense  compression  to  Avhich  these 
I'ocks  have  been  subject(*d  at  several  dilferent  times  since  their  depo- 
sition. Other  reasons  are  the  irregnlai-ity  of  the  beds  and  their  great 
variation  due  to  the  shallow  rvater  conditions  that  prevailed  tlirougii- 
out  the  greater  jtortion  of  the  pieriods  of  deposition.  Under  these 
conditions  rectangnlar  blocks  of  rock  are  difficult  to  obtain,  the 
amount  of  Avaste  rock  is  excessive,  and  tlie  labor  required  to  dress  the 
stones  is  |>rohil*itive.  lii  certain  quarries  some  of  the  strata  might 
be  used  to  advantage  for  building  and  the  less  desirabde  stones  used 
for  ballast  or  f(»r  flux. 

Anotln*r  objection  to  some  of  the  limestones  for  buildings  is  their 
change  of  color  on  Aveathering.  Most  of  the  limestones  are  d(domitic 
luit  the  magnesium  content  varies  in  the  dilferent  layers.  When 
fresh  the  rock  is  all  bluish  but  on  Aveatheriiig  the  more  dolomitic 
layers  become  much  Avhiter  than  the  others.  The  limestones  that 
border  the  cement  rocks  have  a tendency  to  become  blotched  on 
Aveathering  on  account  of  their  heterogeneous  composition. 


Ill 


Not \vi I ihI i hl;  llicsc  d iriicii 1 1 ics,  liowcvci-,  liiiH'stoiic  lias  liccii 
nsad  ill  ilia  | ast  I'nr  f'niiiida  I ions  and  occasional  hnildin_iis  and  will, 
no  doubt,  loll”  contiinn*  to  be  (|narH(“d  for  local  nsc. 

l/niir.  Most  of  the  (|nariies  of  this  re”ion  have  been  worked  for 
liinesti  lie  lo  lie  binned  for  lime.  As  in  all  other  jiarts  of  the  State 
the  small  lime  kilns  ojierati'd  for  local  snp|d_v  have  now  b(‘en  larjttidv 
abandomd  alihon^h  hen*  and  there  one  linds  some  id'  thest*  small 
kilns  still  in  o|U'ration.  In  only  a few  places  in  thesi*  thi'in*  count  i(‘s 
lias  any  lar”e  linn-  plant  biani  dexeloiied  foi-  the  shipment  of  lime 
lo  other  sections.  I'nless  extreme  caie  is  taken  it  is  not  jiossible 
lo  jirodnci*  lone  of  nnifonii  comiiosition.  For  aj;i-icnllnial  nsi*  and 
lor  ]dasteriii”  tin*  lime  ]i]-odnced  in  almost  any  jiart  of  the  re”ion 
is  satisfactory  Imt  it  would  be  diflicnit  to  prodttce  linn*  for  tin* 
chem'cal  tradi*.  One  of  the  most  inpiortant  lime  ]dants  of  the  K*”ion 
is  that  of  the  Industrial  L'liu'stom*  ('oni|)any  on  tin*  Fehi”h  and  Xew 
Ivniiland  K.  K.  ahont  -I  m'l(*s  north  id'  I>(*lhl(*hem,  near  Ha nov(*rville. 
Some  low'  maynesian  layers  of  the  l>e(*kmanlown  lim(*stoin*  wen* 
foniid  oi'iiiinally  at  this  siti*  and,  on  the  assumption  that  a larj>e 
body  id'  such  stom*  w ii”  ] res(*nt,  a c(*nn*nt  coiiqiany  was  or5>anized 
and  tin*  constrnction  of  a Fortland  c(*m<*nt  ]dant  started.  ITi^h 
ma”in*sbin  stom*  was  eiiconnt(*red  on  further  examination  and  tin* 
cciin  nt  1'1‘oject  was  abandoM(*d.  'Pin*  ipiari-y  does,  howevei*,  ftirnish 
consid(*rabl(*  low  ma,”iiesian  stom*  that  is  shipjied  to  om*  of  the 
cement  ci  nipanii  s but  the  bulk  id'  the  stone  is  burned  for  linn*.  Some 
liiahly  silic(*ons  "intT-ly  layers  an*  cnished  foi-  road  nn*tal  and  con- 
cr(*t(*.  Fi  of.  1>.  S.  ( 'hambeida in.  L(*hi”h  I'niversity.  madi*  a d(*f:tiled 
si  tidy  of  sonn*  id'  the  layi*rs  <*x'iiosed  in  tin*  ipiarry  faci*  a few  yeai'S 
ayo.  particnlarlv  Avith  ri'terenci*  to  a ])roinitient  dolomitic  bed.  A 
t'hoto!!ra]di  of  the  qnarry  and  also  a table*  of  analyses  abstnicted 
■'iTm  his  n*|)oi‘t  follow: 


A II a] Uses  of  li niesione  from  J iKliistriaJ  Limesl one  ('o.  r/i/nn\i/. 
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PLATE  Via. 


Folding  in  Industrial  Limestone  Co.  quarry,  Hanoverville. 


Figure  4.  Diagram  showing  location  of  samples  taken  in  quarry  of 
Industrial  Limestone  Company,  Hanoverville. 
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Crunhad  sfoiic. — As  in  ollu*]'  parts  of  tlie  State  the  Camhro-Oialo- 
vician  limestones  t)f  this  s(‘ction  Inna*  Ihhmi  extensi\'elY  nscal  lor 
roads  and  for  eonerete  ag^ia'iiale.  Mxce]A  foj‘  oeeasional  slialv 
hands,  ])raeticallj  all  tin'  stone  Avill  meet  the  rigid  speeitications  of 
the  State  Highway  Dei)artment.  Seores  of  ijharries  have  lieen  o])eiiod 
to  sni>]»ly  local  demands  hnt  most  of  tliem  ai-e  of  moderate  size.  In 
llie  vicinity  of  the  larger  towns  some  fairly  large  (piarries  have  been 
deveh»])ed  to  sii])ply  the  demands  for  c(»ncr-ete  mat('id;!l.  Om*  of  ihe 
largest  in  the  district  is  in  tlie  sonHiwestern  part  of  Ali<*ntown. 
’file  same  (piari-y  lias  furnished  stone  for  linn*  but  in  smalh*r  (pianli 
ties. 

Cement. — Tin*  most  valnabh*  economic  mineral  ])rodnct  of  tin* 
region  is  the  cement  rock  of  the  Jacksonbnrg  formation.  Xowhen' 
(*lse  in  the  CTitire  country  is  there  known  to  be  anotluu'  occnrrc'nce 
of  argillaceous  low-magnesian  limestone  equally  well  ada]ited  to  the 
manufacture  of  Portland  cement.  The  Lehigh  distinct,  as  it  is  called, 
embracing  the  cement  |)lants  of  Xorthampton,  Lehigh  and  P>erks 
counties  and  three  plants  in  X"eAv  -lersey,  ])roduces  about  25  ]ier  cent 
of  all  the  Portland  cement  of  the  Ignited  States,  a ])re-eminent  posi- 
tion which  it  has  held  from  the  beginning  of  the  industry  in  this 
country.  With  the  excejition  of  some  high  calcium  limestones  that 
are  brought  into  the  district  fi'om  other  regions  in  small  quantities 
by  a few  of  the  conqianies  whose  local  quarries  furnish  stone  slightly 
deficient  in  the  calcium  content,  all  of  the  requiri‘d  stone  comes  from 
the  Jacksonbnrg  formation.  There  are  15  cement  companies  opi*r- 
ating  in  the  Pennsylvania  ]iortion  of  the  district.  sev(*ral  of  which 
have  two  or  more  (piarries  and  plants. 

As  in  other  regions  the  manufacture  of  natural  hydraulic  cenu'nt 
preceded  that  of  Portland  cement.  Tn  X'ew  York  the  construction  of 
the  Erie  Canal  in  1818-lfi  led  to  the  discovery  of  natural  hydraulic 
cement;  in  this  State  the  digging  of  the  canal  of  the  Lehigh  Coal 
A'  Xavigation  Conqtany  accomplished  the  same  object.  Pock  suitabh* 
for  hydraulic  cement  was  found  just  above  Lehigh  Gap,  where  Pal- 
merton  is  now  located,  and  also  at  Siegfiaed's  Bridge  (now  Siegfried). 
The  rock  at  the  former  locality  seemed  to  be  ]»referable  and  a ceimml 
mill  was  built  at  Lidiigh  Ga]i  under  the  direction  of  the  conqiany's 
engineers,  fifiiis  rvas  o]>erated  liy  Samuel  Glace  fi-om  182(1-1 8:t0  and 
rurnished  material  for  many  of  the  canal  locks.  When  the  b(>st 
cement  rock  was  exhausted  near  Lehigh  Ga]).  for  a tiim*  material  was 
quarried  about  0 miles  east  of  the  Gap  and  hauled  to  the  ]daut. 
However,  in  18.30  it  was  decided  to  abandon  the  mill  and  e]'cct  a 
new  one  at  Siegfried’s  Bridge  where  suitable  rock  Avas  knoAvu  to 
exist.  In  a small  ])amphlet  by  William  H.  Glace  entitled  “A  Aiarra 
tive  of  Hydraulic  Cement  Mined  in  the  Lehigh  Valley”  the  folloAving 
description  is  given : 
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“Capl.  Theodore  H.  ^o^\'ell,  residing  at  Siegfrieds,  informed  me 
lliat  when  he  came  there  in  1837  there  were  four  kilns  erected  and 
in  operation.  They  Avere  knoAvn  as  draAv  kilns,  tire  being  placed  in 
rhe  eye  at  the  bottom  of  the  kilns,  drawn  at  the  bottom  and  hoisted 
up  an  incline  plane  or  tramway  and  emptied  into  a hopper,  where 
the  stt)iie  were  crnshed,  by  machinery  sha]>ed  like  a corn  crasher, 
then  dro])])cd  down  and  ground  by  burr  millstones,  then  placed  in 
Itoxes  or  trays  with  handles,  then  transported  in  scoavs  to  points 
on  canal  Avhere  needed.  At  that  time  the  capacity  of  this  plant  AA'as 
ten  l)arrels  per  day.” 

Xatnral  hydraulic  cement  continued  to  be  manufactured  in  the 
rt^gion  as  shoAAii  by  the  folloAA’ing  quotation  from  ‘‘History  of  the 
Lehigh  Valley”  by  M.  S.  Henry,  published  in  1800. 

“On  the  eastern  side  of  the  river,  directly  opposite  the  village 
(Vdiitehall,  noAV  Cementon),  are  the  extensive  Hydraulic  Cement 
Works  of  E.  Eckert  and  Co.  These  Avorks  have  been  in  successfitl 
op(‘ration  for  a number  of  years,  and  the  cement  (Avhich  is  mined  in 
the  neighljorhood)  is  said  to  be  e(|ual  in  every  res])ect  to  the  cele- 
brated Kosendale  cement.”  (p.  302) 

xVs  early  as  1807  Havid  O.  Saylor,  Avho  Avas  at  the  head  of  a 
natural  hydraulic  cement  comi)any  located  at  Coplay  and  called  the 
C(»play  Cement  Company,  began  experimentation  to  try  to  improve 
the  quality  of  their  cement.  In  the  ])receding  year  the  lirst  Port- 
land cement  Avas  brought  to  this  country  from  England  Avhere  it 
liad  been  manufactured  for  several  years,  and  this  fact  seemed  to  act 
as  a stimulus  to  cement  manufacturers  in  this  country.  By  selecting 
the  stone  carefully  Saylor  finally  succeeded  about  1872  in  making 
l^ortland  cement  A\hich  Avas  exhibited  at  the  Centennial  Exposition 
Avhere  it  received  a “certificate  of  aAvard.” 

The  Coplay  Cement  Company  (noAV  the  Coplay  Cement  Manu- 
facturing Company)  continued  to  make  Portland  cement,  steadily 
improving  its  quality,  Avhile  other  plants  Avere  soon  started  in  the 
same  vicinity.  For  some  years  many  difficulties  Avere  encountered 
Avhile  the  importations  of  Portland  cement  from  England  Avere 
gradually  increasing.  In  lime,  hoAvever,  the  Portland  cement  of  the 
Lehigh  district  ac([uired  the  reputation,  Avhich  it  still  holds,  as  the 
C(iual  of  any  I’ortland  cement  made  and  cement  importations  prac- 
tically ceased.  The  situation  in  1878  is  described  by  Prime^®  in  his 
i'(q)ort  in  the  Geology  of  Lehigh  and  Northampton  Counties. 

“Tavo  companies,  as  mentioned  in  Report  DD,  haA‘e  tried  to  utilize 
the  hydraulic  ]>roi)erties  of  this  limestone  in  Northampton  county, 
but  inuther  of  them  liaAX^  done  much  of  anything  in  t;he  last  four 
or  five  yeai's,  and  every  time  the  (piarries  have  been  visited  by  mem- 
bers of  the  present  geological  survey  they  have  been  found  standing 
uiiAvorked.  These  companies  are  “The  Old  Lehigh  Cement  Works” 
and  “The  Allen  Cement  Company”. 


2spa.  Sec.  Geol.  Surv.  Beport  D3,  Vol.  I,  pp.  3.64,  165,  1888. 
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“It  must  ]iot  be  sui)posed  that  because  these  couipaiiies  have  been 
;i[)])areutly  unsuccessful,  that  thtia*  is  uo  futuce  iu  tlie  business  ol 
mauufactui'iu^'  hydraulic  ceiueut  iu  this  ]>art  of  the  State:  on  tlu- 
contrary  the  success  of  tin-  Copley  Cement  Company  shows  a\-Iuu 
perseverance  under  difficulties  can  and  does  accomplish.  Of  course 
the  composition  of  some  of  the  cement-stone  beds  is  far  more  favor- 
able to  the  manufacture  of  cement  than  that  f)f  otluu-s.  but  all  may 
1)(*  more  or  less  ])rotitably  utilized  for  careful  internuxture.  Tliere 
is  lU)  I'cason  why  tlie  manufacture  of  hydraulic  and  Portland  cements 
sliould  not  be  slowly  and  surely  extended,  not  only  rendering:  this 
])ortion  of  the  State  free  from  foreui>n  competitors,  but  actually 
rivaling  these  in  many  of  the  wc.stern  markets  on  account  of  the 
excellence  of  the  product  and  the  cheapness  of  freights.” 

For  many  years  both  uatur.al  and  Portland  cements  Avere  made 
in  the  district,  iu  some  cases  even  by  the  same  company,  but  at 
present  little  natural  cement  is  produced.  Only  a few  years  ago  a 
natural  cement  company  located  at  Egy]»t.  ceased  opei-ating  and 
dismantled  its  kilns. 

The  Lehigli  district  enjoyed  almost  a monopoly  in  the  mantifaciure 
of  Portland  cement  until  it  Avas  discovered  that  an  equally  good 
product  cottld  be  made  from  a variety  of  materials.  Lehigh  cemeitt 
Avas  sliipped  all  over  the  country  and  much  of  it  exported.  ’While  no 
other  cement  region  occupic'S  so  favorable  a position  Avith  reference 
to  accessibility  to  good  cement  rock  and  fuel  and  proximity  to  great 
industrial  centers,  yet  on  account  of  fndght  charges  the  market 
for  the  cement  of  the  Lehigh  disirict  is  year  by  year  restricted  by 
the  erection  of  cement  plants  in  other  sections  of  the  country. 
Fortunately,  hoAvever,  the  demand  for  Portland  Cvuneut  has  kept  pace 
Avitli  the  groAvtli  of  cement  manufacturing  plants  so  that  the  district 
continues  to  ]irosper  regardless  of  increasing  competition. 

In  this  region  many  improvements  have  been  made  since  the  first 
successful  manufacture  of  Portland  cement.  Foi'  a time  the  run  of 
quarry  Avas  used  Avith  the  result  that  some  companies  Avhich  OAvned 
quarries  iu  Avhich  the  rock  had  ])ractically  the  composition  noAv 
looked  upon  as  most  desirable.  Avere  able  to  produce  a better  product 
than  other  companies  Avith  less  suitable  rock.  Also  I'cav  companies 
Avere  able  to  produce  a uniform  product  on  account  of  the  variation 
in  composition  of  the  rock  even  in  the  same  quarry.  ZSToav,  hoAv- 
ever,  the  chemist  of  each  conq)any  secs  that  the  jiroper  mixtures 
are  used,  and  the  ])hysical  tests  also  serve  as  a check,  so  that  tlu* 
old  liit-or-miss  metliod  has  giA’cn  place  t(A  tlie  exact  scientilic  pro- 
cesses and  the  variations  iu  the  product  are  very  slight. 

The  change  in  mechanical  ])rocesses  of  manufacture  have  been 
equally  great  and  each  year  mcclmiiical  modifications  are  introduced 
Avhich  tend  to  increase*  output  and  loAver  cost  of  ])roductiou.  The 
greatest  improvements  have  b<*eu  in  the  character  of  kilns  by  Avhich 
the  old  upright  kiln  has  given  place  to  the  modern  rotary  kiln  noAV 
universally  useel  throughout  the  region. 
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Cement  rock  and  cement  limestone. 

"I’lie  .facksonbm-g’  .strata  as  developed  in  tliis  region  consist  of  two 
fairly  distinct  types  of  rock,  a l^asal  member  of  crystalline  biglirgrade 
limestone  and  an  it[»per  argillaceous  limestone  member  that  com- 
prises most  of  the  formation.  In  some  places  the  two  are  sufficiently 
distinct  to  permit  separate  mapping  but  elsewhere  tlu^y  grade  into 
(Nich  other  and  everywliere  occasional  layers  of  the  basal  type  are 
inlerbedded  within  the  more  argillaceous  u]>per  member.  Tin*  basal 
sli-aia  are  commonly  designated  “cement  limestone”  and  the  npper 
••(■('■ment  rock.” 

l-yffcct  OH  topography.  In  most  places  in  the  region  the  northern 
boundary  of  the  cement  rock  can  be  accurately  determined  by  an 
abrupt  clmnge  in  topography,  the  line  of  contact  being  at  the  base 
of  the  steep  slopes  which  mark  the  southern  margin  of  the  slate  belt. 
This  change  in  slope  is  due  to  the  relative  ease  with  which  the  cement 
rock  is  removed  by  Aveathering,  maiidy  solution,  in  comparison  Avith 
the  much  less  soluble  slate. 

In  several  places  the  southern  boundary  of  the  cement  rock  belt 
is  also  marked  by  a chaaige  in  slope.  The  underlying  limestone  is 
more  solulde  than  cement  rock,  and  produces  a more  nearly  level 
topography ; hence  the  change  from  one  belt  to  the  other  is  marked 
Ity  a change  in  slope. 

"('riiiciif  limestone.''’  The  typical  “cement  limestone”  of  the  region 
is  a ligiit  to  dark  gray  coarsely  crystalline  limestone  Avhich,  AAdien 
freshly  broken,  shoAvs  lustrous  surfaces  of  dark  calcite.  Less  com- 
monly it  is  a dark-colored  limestone  closely  resembding  in  appearance 
the  Tinderlying  dolomitic  limestones.  It  is  usxmlly  inassiAmly  bedded. 

Normally  the  “cement  limestone”  runs  high  in  CaCOg  and  Ioav  in 
MgCOg  but  it  varies  greatly  in  composition.  The  analyses  gh^en  be- 
loAv  are  typical  of  the  rock.  In  some  quarries  considerable  rock  is 
obtained  iii  Avliich  the  analyses  shoAV  from  00  to  95  per  cent  CaCOg. 
Also  some  quarries  haA’e  a feAV  beds  that  contain  as  much  as  12  per 
C(‘ut  iMgCOg.  so  much  that  the  rock  must  be  sorted  out  and  discarded. 

-Analyses  of  ‘'cement  limestone.” 
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1.  Limestone  qunriy  of  Dexter  rortland  Cement  Co. 

2.  South  side  of  quarry  of  Nazareth  Cement  Co. 

•o.  Quarry  one-fonrth  mile  south  of  Cliristian  Springs  Hotel, 
-i.  Limestone  quarry  of  Bath  Portland  Cement  Co. 
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The  “cement  limestone”  contains  nnmerous  fossil  remains,  most 
of  which,  however,  are  fragmentary  ami  scarcely  determinable.  Tliey 
are  seldom  apparent  except  on  the  weathered  surfaces  of  the  rocks. 
They  are  of  the  same  kinds  as  those  contained  in  the  limestone 
layers  interbedded  with  the  argillaceous  cement  rock.  Fragments 
of  small  crinoid  stems  are  most  abundant  but  locally  bryozoans  arc* 
very  common.  The  bryozoans  belong  to  several  ditferent  kinds,  of 
which  the  branching  and  tlie  beaddike  colonies  are  most  abundant. 
Poorly-preserved  brachiopods  are  also  fo\ind  occasionally. 

Geologic  stnictiire  and  relation. — The  massive  character  of  the 
“cement  limestone”  beds  has  prevented  them  from  crumpling,  but 
steei»ly  dipjdng  and  overturned  folds  are  present.  In  the  quarry  of 
the  Coplay  Cement  Manufacturing  Company  on  the  west  bank  of 
Lehigh  Fiver  there  is  an  overturned  synclinal  fold  shown  in  the 
soulh  side  of  quarry.  The  syncliiu'  is  overturned  to  the  north  so 
that  the  “cement  limestone”  both  overlies  aiid  underlies  a mass  of 
•‘cement  rock”  Avith  all  the  beds  dipping  to  the  southeast.  In  the 
(jiiarry  of  the  Xazareth  Cement  Comj»any  the  “cement  limestone" 
strikes  X tV  and  di]»s  12°  XK. 

Elsewhere  in  the  region  the  “cement  limestone”  dips  gently  to 
the  north  or  nortlnvest  at  low  angles  and  disappears  beneath  the 
“c('ment  rock.”  This  “cement  limestone”  is  of  variable  thickness, 
T-anging  from  100  to  almost  200  feet.  Tlu>  greatest  thickness  is 
m*ar  Xazai'olh  Avhei'e  it  can  be  determined  Avith  a fair  degree  of 
accuracy  to  be  ap])roximately  200  feet  thick.  In  .tln>  vicinity  of 
Hath  it  scarcely  exceeds  100  feet  although  the  exact  thickiu'ss  can- 
u(At  be  determined. 

The  “cement  limestone”  grad(*s  into  the  overlying  argillaceous 
limestone  or  “cement  rock”  by  an  intermediate  l)and  of  inteiltedded, 
relatiA'ely  pure  limestone  and  imjAure  argillaceous  limestone  strata. 
For  that  reason  the  tAvo  kinds  of  rock  although  litliologically  dis- 
similar are  regarded  as  constifutin.g  a single  geologic  formation. 

At  the  base  the  “cement  limestone”  is  in  contact  Avith  the  Beek 
mantoAvu  magnesian  liinestoAies.  In  Ibis  region  the  two  f(>nnations 
ai-e  approximately  conformable  although  to  the  eastAvard  in  Xoav 
•Tei-spy  a mai-ked  erosional  unconformity  is  showji  i]i  many  ])laces. 

Llacial  clay  of  variable  thickness,  AA'ith  imdnded  cobbles  and  boul- 
ders, rests  upon  the  “cement  limestone.”  The  glacial  coA'er  intm-- 
f(U‘es  AA’ith  the  determination  of  the  ])osition  of  the  formation  bounda 
1‘ies. 

tVliere  Hie  “cement  limestone”  is  Avell  developed  it  is  common  for 
the 'cement  companies  to  open  quarries  for  material  high  in  raCO  . to 
mix  Avith  the  “cement  rock.”  The  Hath,  Pennsylvania.  Pexter. 
I’hoenix  and  other  companies  have  quarries  in  the  “cement  linu'- 
sfomv”  The  Xazareth  Eennmt  Eompany  has  its  quarry  opened  on 
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the  contact  ol  the  two  kinds  of  rocks,  the  “cement  limestone”  occupy- 
ing the  southern  part  of  the  quarry  and  the  “cement  rock”  the 
northern  part. 

'■Cemcut  rod:."  The  “cement  rock”  is  an  argillaceous  intermedi- 
ate both  in  composition  and  stratigraphic  position  betvceen  pure 
limestone  and  shale  or  slate.  In  color  it  suggests  the  overlying  Or- 
dovician slates  and  in  many  places  it  shows  marked  slaty  cleavage. 
A freshly  broken  piece  is  bluish-black  in  color  and  shows  glistening 
particles  of  sericite  too  fine  to  be  individually  distinguishable  except 
as  light  is  reflected  by  them.  The  unaltered  rock  breaks  partially 
along  cleavage  planes  and  partially  along  bedding  planes,  producing 
hackly  or  in  some  cases  conchoidal  surfaces  that  are  unlike  those  of 
either  the  pure  limestones  beneath  or  the  slates  above.  As  the  rock 
weathers,  however,  it  separates  into  small  cleavage  fragments  so 
similar  to  those  resulting  from  the  decomposition  and  disintegTation 
of  slate  that  it  is  difficult  to  distinguish  between  a slate  soil  and  a 
“cement  rock”  soil.  Both  are  filled  with  thin  rock  fragments  of  a 
light  yelloAvish-gray  color  varying  in  size  up  to  1 inch  in  length. 

In  almost  every  quarry  the  rock  shows  the  effect  of  great  com- 
pression by  which  it  has  been  shattered,  permitting  water  carrying 
mineral  matter  in  solution  to  precipitate  qiiartz  and  calcite  in  the 
open  fissures  and  irregular  cavities.  In  places  the  vein  matter  is 
pure  white  calcite,  in  other  places  white  granular  quartz,  but  more 
commonly  a mixture  of  the  two.  The  white  veins  contrasting  with 
the  black  rock  are  very  prominent  in  the  working  faces  of  most 
quarries.  The  veins  are  roughly  parallel  and  tend  to  follow  bedding 
planes,  although  tlioy  break  across  the  beds  in  many  places.  Smooth 
slickensided  surfaces  coated  with  a soft  black  carbonaceous  sub- 
stance resembling  graphite  are  very  common  on  the  vein  walls. 

Small  cubes  of  pyrite  are  frequently  noticed  near  the  veins  and 
(a'casionally  in  rock  where  the  vein  material  is  absent.  Purple  and 
green  fluorite  have  also  been  found  in  a few  localities  as  vein 
material. 

The  chemical,  composition  of  the  “cement  rock”  changes  from  bed 
to  bed  or  even  in  the  same  bed  Avithin  a single  quarry  opening.  In 
some  quarries  tlie  average  rock  contains  almost  exactly  the  right 
1 proportion  of  the  various  materials  required  for  the  best  grade  of 
Portland  cement.  Several  plants  in  the  district  for  months  at  a 
lime  do  not  find  it  necessary  to  add  either  pure  limestone  or  clay. 
In  most  quarries  the  rock  varies  so  that  tracks  must  be  run  to  set^- 
eral  parts  and  the  requisite  mixture  obtained  by  the  proper  combi- 
nation of  the  various  kinds  of  rock.  In  other  quarries,  hoAvever, 
the  average  rock  runs  too  Ioav  in  CaCOg  so  that  it  is  alAAmys  neces- 
sary to  add  some  liigh  grade  limestone,  Some  of  the  plants  are 
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fortunate  enough  to  have  quarries  in  the  underlying  ‘‘eenient  lime- 
stone” while  others  must  bring  limestone  from  a distanc(‘.  Mucli 
limestone  from  Annville,  Lebanon  County,  I’a..  is  used  in  the  Ivdiigli 
district.  In  a few  quarries  the  average  rock  runs  too  high  in  CaCOg 
so  that  some  other  material  must  be  added  at  times.  For  this  pur- 
pose the  local  residual  limestone  and  glacial  clays  are  utilized. 

W’itli  few  exce])lions  the  l)asal  beds  of  •‘cement  rock”  are  liigliei'  in 
lime  tlian  the  iipper  strata.  Accordingly  a plant  wliose  (luarry  is 
located  near  the  northern  margin  of  tlie  l^elt  and  working  the  uj)per 
beds  will  need  to  add  high  grade  limestone  to  the  "ceinenT  rock,”  ami 
a plant  with  a quarry  near  the  southern  margin  of  the  belt  and 
working  the  basal  beds  may  iieed  to  add  some  clay  at  times.  The 
Penn  .Mien  and  th(‘  De.xter  comjuuiies  show  this  very  well,  the  former 
tinding  it  necessary  to  add  limestone  from  other  ]»oints  while  the 
latter  occasionally  is  re(iuired  to  add  smne  clay. 

In  gemu-al  the  “cement  rock”  to\^'ard  tin"  western  jiart  of  I he  dis- 
n-ict  I'uns  too  low  in  CaCTt^  and  the  plants  locatod  tluu-e  must  buy 
limestone.  The  rock  in  the  centi-al  and  eastern  part  of  The  belt 
averages  almost  the  desired  composition  for  Portland  c(unent.  lint 
rc'ouires  at  times  a small  admixture  f)f  clay. 

The  change  in  composition  of  the  ‘‘cement  rock”  in  depth  is  well 
shown  in  the  following  series  of  analyses  of  rock  in  a d.jO-foot  boring 
made  by  the  Atlas  Cement  Com^uiny  in  their  quari-y  at  Xoidhamjttou. 
Th(‘  last  -to  feet  penetrated  v.ais  (O’id'uitly  tlm  underlying  eemeu; 
limestone  while,  occasional  other  high  lime  analyses  are  explained  by 
the  jiresence  of  layers  of  juii'e  limestone  interltedded  with  the  argil- 
laceous limestone  ■(  “cement  rock”). 

Aiialj/srs  of  •'(■(■iiirni  rock”  i)i  AoO-foof  horiii;/  hi  qidirri/  of  T t/u.y 
Cement  Companji,  Xorthampton. 
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Aiialij.'ic.'i  of  “cniiciit  rod:''  in  350-foot  boring  in  qaarnj  of  Atlas 
Cement  Compung,  Northampton — Continued. 
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Ill  addition  to  the  substances  given  in  the  above  analyses  small 
(luaiitities  of  TiO,„  FeO,  MnO,  l\0-„  SrO,  CaS,  K,(),  and  Na^O  have 
bemi  found  in  the  -‘cement  rock”  of  tlie  region.  The  etfect  of  these 
in  determining  the  quality  of  the  cement  is  problematical.  H.  M. 
riimaii  and  •!.  W.  Boyer,  in  a ]iaper  in  ('hemical  Engineer,  iNovem- 
ber,  give  a series  of  determinations  of  TiO„  in  specimens  of 

‘Tement  rock”  from  this  region.  They  range  from  0.14  to  0.24  per 

cent. 
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Mcade-'^  gives  a complete  analysis  made  by  iiimsell  of  a sample 
of  “eeiueiit  rock”  from  I lie  ipiarry  of  the  Dexler  roiaiaiid  t'eineiil. 
Company  tliat  has  ]iraclically  tin*  correct  composition  for  hnrning. 
It  is  as  follows : 

('oiiiiih'tc  ii.Kilijsis  di  ‘■(■ciiiriit  ror]>"  fi-oiu  ([uun'ii  of  Dc.rter  Porfluiid 

Cement  Coinpanij. 
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The  writer  has  made  careful  search  fur  fossils  iu  the  ‘‘cement 
rock”  of  the  region  but  has  found  only  one  specimen  iu  the  typical 
black  argillaceous  limestone.  This  is  a fairly  well  preserved  speci- 
men of  a graptolite  found  in  the  old  cpiarry  of  the  Coplay  Cement 
iMannfactnring  Company.  It  is  probable  that  the  carbonaceous 
matter  of  the  rode  which  is  resjionsible  for  tlie  dark  color  is  mainly 
due  to  the  remains  tif  graptiditccs  that  disintegrated  during  the 
metamorphism  wliich  the  rock  has  undergone. 

The  occasional  layers  of  crystalline  limestone  which  are  locally 
inlerbeddial  with  tin*  triu'  “cmumit  rock”  contain  abundant  fossils 
most  of  which,  however,  are  fragmentary.  They  can  scarcely  be 
recognizial  excejit  on  weatlu*red  suid'aces.  At  the  large  quarry  of  the 
.\tlas  Cement  Company  and  also  the  one  near  Howertown  many 
crinoid  stems,  bryozoa,  and  brachiopods  hav(>  been  found. 

In  many  quarries  it  is  difficult  to  determine  the  bedding  planes 
unless  an  interbedded  pure  limestone  stratum  can  be  found.  Where 
these  are  absent  the  quartz  and  calcite  veins,  which,  in  general,  are 
jiresent  along  the  liedding  xdanes.  are  useful  in  determining  the 
structure.  Almost  iuvai'ia'dy  tin*  “cement  rock”  strata  are  greatly 
crunqded  and  yet  have  low  angles  of  di]i.  The  normal  direction  of 
dip  is  toward  the  northwest  beneath  the  Martinslmrg  slates,  which 
constitute  the  slate  hills,  but  in  many  quarrii's  some  beds  can  be 
found  dipidug  in  otlu'r  directions. 

When  the  region  was  sulijected  to  the  great  dyuamic  forces  Avliich 
fornual  tin'  Apxialachiau  folds  the  “cement  i-ock”  strata  were  so  weak 
that  they  yielded  by  minor  folding  and  faulting  resulting  iu  local 
thickening  of  the  different  layers  but  without  jiroducing  high  angles 
of  di]).  In  very  few  j)lac(‘s  can  one  find  tin'  ‘•cement  rock”  dip])ing 
more  than  I.h”  and  usually  the  di]i  is  much  less,  while  in  the  ad- 
joini])g  limestone  belt  vertical  or  even  overturiu'd  beds  are  not  un- 
common. 


2‘^Portland  Cemont.  see.  od.  p.  50.  Easton.  Pn.,  1011. 
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The  ri-umpled  character  of  the  “ceiiie-nt  rock,”  tlie  abseuce  of  any 
beds  sufficiently  distinct  to  be  recognized  in  different  openings,  and 
the  lack  of  any  continuous  or  approximately  continuous  section 
across  the  belt  normal  to  the  strike  render  the  exact  determination 
of  the  thickness  impossible.  The  local  thickening  of  the  beds  due 
to  compression  also  needs  to  be  taken  into  account  in  any  estimates 
of  thickness. 

In  the  350-foot  bore  hole  of  the  Atlas  Cement  Company  described 
above.  .‘ilO  feet  seems  to  be  “cement  rock”  and  the  last  40  feet  to  be 
tlie  underlying  “cement  limestone.”  The  rocks  here,  although  some- 
what crumpled,  were  so  nearly  flat  that  we  can  safely  assume  300 
feet  of  cement  rock  strata.  As  the  bore  hole  was  started  in  the 
bottom  (d'  the  quarry  with  somewliat  more  than  100  feet  of  “cement 
i-ock”  above  it  tlie  total  thickness  of  “cement  rock”  in  that  place  is 
about  400  feet.  Tliis  is  believed  to  be  the  maximum  thickness  within 
the  region.  From  Weaversville  to  Nazareth  the  thickness  scarcely 
exceeds  200  feet  and  may  be  less  in  tlie  vicinity  of  Bath. 

This  decided  difference  in  thickness  of  the  “cement  rock”  may  be 
parfaJly  due  to  local  thickening  as  the  rock  yielded  under  compres- 
>'ioi!  at  the  close'  of  the  Ordovician  and  Carboniferous  periods  but  is 
mainly  explained  by  a greater  deposition  of  muddy  calcareous  beds 
in  the  region  of  the  Lehigh  Elver  than  took  place  elsewhere. 

Th('. “cement  rock”  rests  conformably  u]ion  the  underlying  “cement 
limestone.”  In  some  places  the  basal  beds  seem  to  dovetail  into  the 
uMrau-  beds  of  the  underlying  prrer  limestone.  This  is  seen  in  the 
(ju:m-ics  of  the  Eennsylvania  Cement  Company  east  of  Bath. 

The  “ceinent  rock”  is  conformaldy  overlain  by  the  shales  and  slates 
of  the  Mai'tinsburg  formation. 

ill  many  ]ilaces  in  the  district  glacial  clays  containing  many 
colibles  and  boulders  overlie  the  “cement  rock.”  This  overlying  de- 
bris, which  must  be  la'inoved  liefore  the  rock  is  blasted  down,  is  as 
lumh  as  15  feet  thick  in  depressions  in  the  former  land  surface, 
aithou'di  the  averagi'  tliickness  of  this  cover  is  probably  less  than 
5 fei't. 

Other  limestones  used  for  cement. 

Referc'uce  has  already  been  made  to  tlie  jiresence  of  low  magnesian 
I'm  stem's  suitable  for  Portland  cement  manufacture  that  occur 
in  die  B('(hmautown  fermatiou. 

Along  the  Ci'utral  Railroad  of  New  Jersey  a quarter  of  a mile 
north  of  t'atasauqua  tlie  Lawi-euce  Portland  Cement  Comiiany  oper- 
at'd a b'nu'stoue  quaiuy  for  many  years.  The  rocks  low  in  MgCO^ 
W!  ri'  shipiu'd  to  tlu'  cement  plant  at  Siegfried  and  those  containing 
too  much  MgCO;,  for  cement  were  sold  to  the  Crane  Iron  Company 
for  flux.  At  fines  the  company  was  able  to  use  75  pei-  cent  of  the 


oiil])UI  I'oi-  (('iiicul  liiil  ;il  tiiiH's  scarcc'ly  '2o  | c‘i-  rctil.  In  inosi 

case's  the  Mgl'O.  content  for  (‘acl!  hed  of  rock  was  fairly  nniforni  l)iil 
in  ] arts  of  the  ([uariy  a certain  stratnin  vra.s  siiitahle  for  cement 
Init  chang(‘(l  in  composition  sntkic’cntly  to  I'cmler  it  umlcsiralile  in 
oileer  | arts.  Tmler  tlie  gnidan.ce  of  the  -chemist  the  ([imrrymen 
learnt  (I  to  dett  ct  tlu'  dilVt  rence  in  apjtearanct'  of  tin*  ro'tdts  love  and 
liigh  in  iMgCl-),.  so  that  t!n>ir  sc]taratit)n  wa.s  t'asy.  Matniailly.  steam 
sli()\'eis  could  not  l:c  used  as  the  different  kinds  of  i-ock  wt'ie  thrown 
down  togetht'r  in  blasting.  The  following  analyses  lakt'ii  at  approxi- 
mately c(|nal  distances  starting  from  the  northwest  corner  and  going 
in  turn  along  Hit'  north,  east,  and  south,  faces  have  bet'ii  furnished 
by  tin*  Lawrt'iiee  I’ortland  Cement  Company. 


.liKiJjfscf!  of  Uiiic-stoiir.s  in  qncm'jj  viile  uo}'fh  of  Catusauqii'^ . 


1 

2 

4 

5 

0 

7 

S 

9 

10 

11 

SiO-  

0.(12 

T.« 

12.91 

12. 

12. SI 

7.4o 

13.90 

5.5G 

1.94 

5. IS 

5.70 

AlgOs 

3.05 

2.14 

-i.'Jo 

.3.09 

5.41 

2.03 

4.70 

i.sr 

1.22 

3.05 

2 . S.5 

OaCOa  __ 

S2.12 

70.05 

1 

70.03 

75.50 

S.5.32 

70.94 

CO 

92.57 

SV30 

So. 03 

MgCOs  - 

4.. 31 

3.44 

2.  OS 

3.35 

6. or 

4.07 

4.73 

4.5.1 

5.10 

3.13 

0.04 

On  a previous  t age  tlna-e  is  a ’’rief  description  of  the  quarry  of  the 
Indu  ti-ial  Tninc.'tone  C'unpany  a ft'W  miles  north  of  Bt'thh'bem. 
( 'onsiderjtblt'  low  magnesian  limestone  from  the  qnarrv  1ms  been 
shii)iwd  to  the  Pimn-All  >n  rortland  Cement  Co.  Tlie  following 
analyses  of  thus  stone  are  furnished  by  the  company: 

Aiiali/yes  of  V.)iir4ciir  f)-oui  quairii  of  The  T)i(luy1'i'ial  Li inryfom- 

Coiiipanjj. 
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Analysis  A 'was  made  hy  the  Penn  Allen  Portland  Cement  Company  and  B and  C hy  P.  T. 
T-Tintze  of  T.ehigh  University. 

A few  years  ago  a quarry  wa.s  opened  in  the  small  area  of  pi'-'- 
Cambrian  crystalline  limestone  along  the  ryglit  bank  of  ^lonnraey 
Creek  just  w(*st  of  Pine  Top.  Tin'  qnari-y  was  onerati'd  by  the  iMono- 
cacy  Stone  Ciunpany.  Some  of  the  imck  was  .sold  to  tin*  c(*mcnt  com 
pam’es  of  the  rt'ginn.  (See  p.  (15) 

The  rock  is  similar  in  character  and  of  approximately  the  same 
age  as  the  famnns  Fi-anklin  l’in-'*r:tone  of  Xew  -Tersev  so  extensivelv 
quarried  in  the  viebn^^y  of  Franldbi  Fnrnac('  and  iMcAf('('.  Tin* 
following  analyses  show  tlie  general  character  of  tlie  rock: 


\iialiisrs  nj  ci  j/.shdliiir  liiiicvtoiic  (jiairrird  hjj  the  Moiiovacij  Stone 

CoiiiiMi.il  If. 


A 

B 

94.74 

98.46 

> - — 

.Mgr-Og  ___  ___  ^ _ 

1.96  ; 

1.75 

M-jUr.  __  _ 

.21  . 

,6y 

si<>  __  _ __  ___  ___  

2. OS 

2. 78 

Kr.(>-;  . _ ■ _ . 

.87 

.55 

TdO  ..  __  _ ___  __  

58.11 

52.:  9 

yigO  . 

.94  ; 

.84 

j(>  . _ 

.26  : 

.39 

.Sample  A Avas  of  medium  grain  and  dark  in  color. 
Sample  B Avas  a coarsely  crystalline  ■white  rock. 


Clay. 

.\s  mi'iilioiK'il  al)()V(\  scim*  of  tlie  (-omeiil  ])laut,s  near  Xazaretli 
ar(*  coiirisc'll'.M]  to  ns(>  a small  quantity  of  clay  with  the  cement  rock 
1 ) make  1h(*  pioiiei'  mixture  for  Portland  cement.  In  most  cases 
this  m th(‘  local  clay  (oan'lyiny  the  cement  i-ock  and  laqa-esents  tin* 
res'dirm  of  insolnhh*  niahnials  left  vchen  the  solnble  portions  of 
1h(‘  rock  w('i-e  ]-cmov<-'d  in  solntion.  Some  of  it  has  been  trans])orted 
an.l  depositc<l  by  the  Avaters  resnlling  from  the  melting'  of  the  ice 
shc:‘t  which  onc(>  iiiA'citled  the  rt^gion.  The  glacial  clays  contain  oc- 
casional cobbles  and  bonlders. 

At  ora*  film*  the  Xazai’eth  Cement  Com])any  operated  a small  clay 
l>it  near  the  mill  bnt  in  most  places  the  thin  deposit  of  clay  OA’erlying 
the  cement  rock  is  moia*  than  snftlcient  for  the  needs  of  the  planAs. 
The  ab(>V(' ni<*ntion(*d  comjiany  famishes  the  folloAA'ing  partial 
analy  '<*s  of  the  local  clays  nsed. 


AiiahiMCs  of  local  clays  iiscil  in  rnaiinfacture  of  ccincnt. 
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Limestone  and  clay  from  other  regions. 

. Ci-\-pia,l  conijianies  o]»(*iating  in  the  r(*gion  Avho  ar(*  compelled  to 
biiA'  linK'stom*  to  mix  Awith  tln'ir  C(*ment  rock,  bring  it  from  some 
distance*  b(*A-ond  the  borders  of  the  district.  The  Anm'ille  lime- 
stones of  Lebanon  Comity,  Pa.,  are  nsed  in  scAmral  plants  AA’hile  some 
bh-anklin  limestom*  fremt  Xoaa’  d(*rsey  is  also  ship^ied  in.  The  Atlas 
<’cm(*nt  <h>m]'any  ns(*s  the  latter  in  the  manufacture  of  Avhite  cem(*nt. 
To  mix  AA-ith  it  tlu*y  also  shi])  in  AA'hite  clay,  most  of  AAdiich  comes 
from  S'lylorsbnrg.  IMoni-oe  County,  Pa.  IMost  of  the  gypsum  AA'hich 
is  added  to  th.e  clinker  before  grinding  comps  from  AA’(*stern  X(*av 
Yoi-k, 
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A.  Annville  limestone 

analyzed  by  R.  K.  Meade. 

H.  Average  of  9 samples  of  Annville  limestone  analyzed  l.y  Atlas  Cement  Co. 

Franklin  limestone  analyzed  by  U.  K.  Meade. 

D.  Average  of  19  samples  of  Franklin  limestone  analyzed  by  Atlas  Cement  Co. 


Quarry  Methods. 

’’i'lic  (jiiiirry  iiiuviKKls  used  hy  the  cemnit  coiuiuinies  ;ire  similar 
1 liroii^'lmut  the  district.  If  pcssil)lc  the  quarry  is  opened  in  tlu' 
side  of  a liill  and  the  tracks  arc  rnn  in  on  the  level.  As  tlu'  quarry 
is  ('xtcndcd  the  ([nari-y  face  heconies  hiyiier.  In  sonu'  ]dac(*s,  hovr- 
(U'er,  it  is  nece.ssary  to  open  a (piarry  lyv  excavatiiys  in  a fairly  level 
surface  and  then  the  rock  must  be  hauled  up  an  incline  to  tlie  plant. 

In  almost  every  quarry  the  composition  of  the  ruck  varies  so  mindi 
in  diif(n-cnl  ])aris  that  it  is  advisakie  to  iiav(*  an  extensita*  face  vith 
tracks  radiating  to  dilfcrent.  points  in  order  to  olttain  a mixture  of 
nniform  conqu'sition  hy  coinhining  tlu'  rock  of  high  and  loAV  lime 
c()ntent. 

I''onmndy  lhe  rock  was  (jiiarricd  in  l)cnclics  Isy  using  small  drills 
and  small  hlasfs,  Xow.  however,  tin*  cenmpanies  liave  found  it  moia* 
cconoTiiical  to  blow  down  enormoins  masses  of  I'ock  at  one  time,  in 
some  ])]accs  more  than  30,0(i()  tons.  To  do  this  ehnni  drill  holes 
are  ]int  down  about  Ik  to  l-b  feci  hack  from  the  (piarry  face  and 
about  th('  sanK--  distama*  aqart  and  didvmi  t(>  the  lev(d  of  ^^lu'  bottom 
of  tin*  (piarry  ivhich  is  usually  lumrly  IhO  f(ad.  Thes(*  lioh‘s  arc  llnni 
charged  ivilh  dynamite  and  all  are  bred  simnltaneonsly  by  electric 
cxjdoders.  Tlie  reck  is  so  ('asily  shattered  that  thcs(*  great  blasts 
hi-(  ak  most  of  it  snfncicmtly  to  h(*  loadcal  into  cars.  The  larg(*r  blocks 
arc  liroken  by  small  chai’ges  of  dvnaniit("  ]'laccd  in  lioh-s  made  1>\' 
com];resscd  air  Imnd  drdls, 

IMost  of  tlie  comipanies  use  steam  sliovels  for  loading  tlc‘  rode 
into,  cars  although  some  loading  is  done  l>y  hand.  In  tin*  quarries  that 
are  driven  into  a hillside  on  the  hwel  small  locomotives  or  mules 
are  used  to  haul  the  cars  to  tin*  mill.  'Where  the  quarry  is  sunk  be- 
low the  levid  of  tin*  mill  the  cars  an*  ]uished  by  hand  or  hauled  by 
mules  to  tlie  foot  of  the  ’ncliiie  where  they  are  attached  to  a cable  to 
he  han](*d  nji  tin*  slojn*.  Tin*  rock  is  diimin*d  into  a bin  or  dir(*ctly 
into  tlu*  gyratory  crnsli(*rs. 
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Cement  Manufacture. 

I ti  general  there  is  little  variation  in  the  nietlnxls  employed 
1 hrongliont  the  region  for  the  mannfactnre  of  Portland  cement  al- 
though sonietvliat  different  ty[)es  of  machinery  are  used.  The  differ- 
ent stages  are  (1)  coarse  grinding.  (2)  drying,  (.2)  fine  grinding, 

(1)  caicinitig,  (5)  cooling  or  seasoning.  (6)  mixing  with  gypsum  and 
grinding  the  clinker,  (7)  seasoning  in  storage  house  preparatory  to 
bagging  or  packing  in  iuirrels.  As  the.se  variou.s  processes  have  been 
descrilsed  in  so  many  publications  dealing  with  the  technical  side  of 
cement  manufacture  they  will  he  described  only  briefiy  here. 

(1)  The  first  stage  of  coarse  grinding  is  done  almost  exclusively 
l)y  great  gyrator}'  crushers.  The  rock  properly  combined  is  fed  to 
tlie  crushers  from  bins,  duiu])ed  directly  from  the  cars,  or  brought 
from  rock  house  bj^  l)elt  couveyor.  In  some  mills  the  crushed  rock 
]>asses  to  a set  of  smaller  gyratory  crushers  or  rolls. 

(2)  The  rock  fragments  are  dried  in  short  rotary  kilns  wdiidi  in 
a few  plants  are  coniu'cted  with  the  ends  of  the  burning  kilns  and 
thus  use  the  heated  gases  that  would  otherwise  esca])e  at  once  into 
the  air. 

(3)  thirious  kinds  of  marhines  are  used  for  the  fine  grinding — 
ball  mills,  tube  mills,  Huntington  mills,  Griffin  mills,  commuters, 
Fuller-Lehigh  ])ulverizers,  etc.  One  mill  uses  the  Emerick  air  separa- 
tor. Most  of  the  mills  grind  the  rock  so  that  95  ]>er  cent  will  pass 
through  a 100-mesh  screen  and  approximately  85  per  cent  Avill  pass 
through  a 200-mesh  screen. 

(1)  From  the  mills  the  pulverized  rock  is  taken  to  bins  and  from 
them  is  fed  into  the  kilns.  At  present  all  the  com])anies  use  rotary 
kilns.  The  older  and  smaller  kilns  are  gradually  being  replaced  by 
larger  sizes.  At  first  nearly  all  were  about  10  feet  long,  then  60,  80. 
and  100  feet;  I'eeently  one  has  been  installed  that  is  220  feet  long 
and  10  feet  in  diameter.  It  has  been  found  that  the  fuel  costs  are 
considerably  less  in  the  larger  kilns  and  the  capacity  is  greatly  in- 
creased. 

The  kilns  are  fired  with  coal  ground  so  fine  tliat  about  05  per 
(■(‘ut  will  pass  through  a 100-mesh  screen.  The  coal  dust  is  forced 
into  the  kdu  by  fans  or  compressed  air. 

The  first  kilns  used  in  the  district  were  upilght.  Several  of  these, 
called  Schoefer  kilns,  are  still  to  be  seen  at  the  plant  of  the  Coplay 
Gement  Manufacturing  Company.  They  consist  of  three  compart- 
ments, an  upi)cr  heating  chamber,  a middle  clinkering  chamber,  and 
a lower  cooling  chamber.  The  pulverized  rock  was  mixed  with  Avater 
and  moulded  into  bricks  which  Avere  first  dried  and  then  carefully 
placed  in  the  upjiei-  (liamher  by  hand.  The  material  passed  in  turn 
through  the  other  chamber  and  Avas  draAvn  out  at  the  base.  These 
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kilns  wern  no!  sal  ist'actui-y  as  tin'  iiialnrial  was  nol  unifonnly  liurnn.l. 
the  ainoniit  ol’  lalior  required  \\ais  exia'ssite,  and  the  iiroduetion 
limited,  as  seaia-eiv  more  tlian  1110  barrels  of  lamnuii  could  he  Inirned 
ill  each  kiln  daily.  On  tlu'  otln-r  hand  the  fuel  (amsumption  was 
much  less  than  that  reijuircd  in  llie  rotary  Icilns.  ranyiny  from  -lo 
to  (lo  jiounds  of  coal  ]ier  harnd  of  cement. 

I .')  I In  soim*  mills  the  (dinker  is  stored  und-er  covei-  for  a short 
time  before  beiny  ^.iround  but  the  ]»ractice  id'  stm-inj^'  :t  in  tiu'  o]k*u 
where  it  is  allov.aal  to  .season  for  s'cvei-al  weeks  before  yrindiny  is 
being  adojited  by  many  mills  since  tin*  Oi'xter  rortland  Omnent 
Company  ]»roved  it  to  be  a success. 

iG)  After  cooling  and  seasoning  the  clinkm-  is  taken  to  mills  for 
I'egrinding.  In  almost  every  mill  the  same  type  of  maidiimu-y  is  used 
foi-  grinding  the  (dinker  that  is  eiiqdoyed  in  ]>nlv(‘rizing  the  rock, 
r.efore  gidnd'ng.  a thdinite  jiroportion  of  gyjisum  is  added  to  the 
(dinker  to  retard  the  setting  of  the  cement. 

(7 ) From  the  mills  the  ceimmt  is  taken  to  tlu'  storage  bins  where 
it  remains  for  sonu'  time  to  season  and  is  then  withdraAvn  for  shi]i- 
ment.  Tt  is  ship]U'd  in  barrels  hold'ng  380  iionnd.s  and  in  ])aper  or 
(doth  bags  holding  !l-">  iiounds.  Tin'  Hates  valve  l»ag  is  wid(‘ly  used 
In  the  district. 


Economic  Considerations. 

The  c('inent  industry  of  the  L(‘!iigii  district  has  undei'gone  rc' 
markable  changes  since  it  start(‘d.  Tin'  ]:rice  fell  steadily  lud'ma' 
the  war  from  .83.(10  to  -|0.G.~>  ]:er  barrel  but  sinca*  then  has  b('eii 
consid(*ra'dy  higher.  Tin*  (!n!])ut  with  few  exceptions,  has  been  in- 
creas('d  from  year  to  year,  and  y(‘t  the  market  for  tlu'  cement  from 
ihis  district  has  been  gradually  la'stricted  (ur  account  of  tlu'  build 
ing  of  ])lants  in  sections  of  the  country  formerly  su])]died  by  the 
la'high  product.  In  no  other  paid  of  tin*  country  can  cement  be 
lu'oduced  at  so  low  a price  as  in  this  district  and  tlu*  cond'tion 
of  the  industry  continues  ])romising  regardless  of  the  com])etit'on 
and  reduce(l  ju  ices.  Increased  eftlcdency  has  resnlti'd  and  the  Tadiigh 
district  jdants  are  models  for  other  ctunent  companies  throughout 
the  country.  Fxju'rinuuitation  still  continnes  and  neAV  tyqa's  of  ma 
(diinery  and  new  details  in  manufacturing  are  <ni'(“  to  result. 

In  sonu'  cases  the  comjianies  have  failed  to  ajupreciah'  tin'  inqior 
tance  of  a careful  study  of  the  structure  of  the  cement  rock  strata 
by  which  their  quarries  could  have  lieen  operat('d  more  (‘conomically. 
LikeAvise  several  of  the  jdants  might  have  bi'en  located  more  ad 
vantageously  had  the  geidogy  of  the  region  Ix'en  carefully  studied 
in  advance, 
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The  possession  of  cenunit  rock  of  so  iieai-ly  the  correct  composition 
for  Portland  cement,  a very  unusual  occurrence,  and  the  close  prox- 
imity to  the  great  industrial  centers  of  tiie  country  are  the  tcvo 
great  assets  that  have  enal)led  the  Lehigh  cement  district  to  acliieve 
and  maintain  its  ])re-eminent  jiosition.  Witli  the  skill  and  efficiency 
ac(pTir<‘d  by  yeai's  of  experience  and  flu*  increasing  demand  for  ce- 
ment tin*  ceimnit  compani(*s  may  look  forward  to  many  years  of 
])ros]K‘rity. 

- ' dditUwul  uiKiljjscs  of  ('  iiil>)-()-(>rdovici<ni  I i)iiesfo)tcn  of  fS oiihamj)- 
foit,  Lidiif/h  and  fio'ksi  coiinfics:. 
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ToinstoAvn  limostone  qiiorry  nt  Tslr.nrl  Pavk,  south  side  of  T.ohigh  Rivor.  Northampton 
<rf)unty.  Avorn.so  of  103  oars  shinpod  to  Thomas  Iron  To.  Analysis  hy  Thotnas  Iron  Co. 

2.  Tomstotvn  limostone.  Reding'ton  qnnrvy  of  Bethlehem  Steel  Co.,  Northampton  County. 
AviM-aae  annlysis  of  stone  quarried  dnrintt  1010.  Amilyzed  by  Bethlehem  Steel  Co. 

0.  ronooooheaaiie  limestone.  Enston  Eime  Conipnny’s  quarry  along  Bushkill  Creek,  Easton, 
Northampton  County.  Analysis  by  P.  vShimor. 

4.  Tonisto-\vn  limestone.  0.  E.  Leh  qiiaiTy  at  Rediugton,  Northampton  County.  Analysis  by 
Ih'thlehom  Steel  Co. 

o.  Conorofheague  limestone.  T.  M.  T.nuhaoh  nuarity,  Freemansburg,  Northampton  County. 

Average  analysis  of  110  cars  made  by  Bethlehem  Steel  Co. 

0,  Coiiooocheaime  limestone.  Wagner’s  quarry,  Mest  side  of  Sancon  Creek,  mile  southwest 
of  TTellerto-\vu.  Northampton  County.  Analysis  made  hy  Bethlehem  Steel  Co.  is  average  of  six 
irnonth’s  run. 

7.  Couororheagiie  limestone.  Henry  Schweitzer’s  quarry  midway  betAveen  Freemansburg  and 
Altona,  Northampton  Co.  Analysis  by  Bethlehem  Steel  Co. 

3.  a to  o.  Conococheague  limestone  Prill  test  hole  at  Chapman  quarry  of  Bethlehem 

steol  Pompanv  p^ong  C.  Ah  .T.  R.  R.  V>et\veen  Bethlehem  and  Freemansburg.  Analysis  by 
Bethlehem  Steel  Co.  ^ >.t  x,  a 

9.  Beekma ntoAATi  limestone.  Fogel’s  farm  near  HecktoAMi  on  L.  & N.  E.  R.  R..  Northampton 
<^ountty.  An^^lyfjs  made  hy  pethlehejn  Step)  Co.,  is  average  of  10  samples  collected  hy  C.  A.  Burk. 
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10.  Bookmantcwn  limestone.  Beyer's  rinarry,  1 mile  east  of  Northampton,  Northampton 

County,  a.  Analysis  hy  the  Bethlehem  Steel  Co.  h.  Analysis  hy  Thomas  Iron  Co. 

n.  Beekmantown  limestone.  Caleite  Company  quarry,  S mile  southeast  of  Northampton, 

Northampton  County.  Analysis  by  Bethlehem  Steel  (^o. 

12.  Tonisto-\vn  limestone.  Morey  farm,  i mile  soutlnvest  of  Center  Valley,  Lehigh  County. 

Analyzer!  hy  Bethlehem  Steel  Co. 

18.  Tomstown  limestone.  Aekers  (piarry.  south  of  East  Allentown  ami  a short  distance  north- 
east of  bend  in  the  Lehigh  River,  Lehigh  County.  Analyzed  by  B>ethlehem  Steel  Co. 

1-}.  Tomstown  lime.stone.  New  Jersey  Zinc  Co.  quarry,  along  Lehigh  River  just  north  of 

East  Allentown,  Lehigh  Co.  Analysis  by  Bethlehem  Steel  Co.  Material  used  for  flux  at  Palmer- 
ton  plant  of  N.  J.  Zinc  Co. 

1.").  Allentown  limestone.  Hardners  (luarvy  along  Little  I>‘high  Creeh,  Allentown,  Miigh 

(’ounty.  Analysis  by  Bethlehem  Steel  Co. 

IG.  Boekinantown  limestone.  Outcrops  at  X^ber-roth  pit  of  New  Jersey  Zinc  Company’s  zinc 
mi"'*  I • jlo  ivvtn  of  Cri<  rn'7isvill’‘.  L"ib"b  (hmi  ty.  Analvs«'s  l^y  Ih-l lih'honi  Ste<‘l  Co. 

17.  BeekmantoA^m  limest'me.  Eberhart’s  quarry,  west  sirlo  of  Lehigh  River,  opposite  Cata- 

sauoiia,  ir-st  mirth  of  hr  otioii  of  Crmlny  Cn>»*'-  on'  Letru-li  Rivor.  T,(‘liii:)i  ('oimty.  a.  AmCys's 
bv  tlio  Botlilehom  Steel  Co.  b.  and  c.  Analyses  by  the  Thomas  Iron  Co.  h.  Represents  the 
avoragt*  of  1 cars  shipped  to  the  Tltomas  Iron  Co.  during  the  first  half  of  1920  and  c.  the 
average  of  IGG  cars  sliiiiped  during  the  latfor  half  of  1020. 

IS.  HoekmantoAvn  limestone.  Thomas  Iron  Company’s  (luarry.  !1  mile  north-northwest  of 

.\Hmrtis.  Tehigh  County,  a.  Limestone,  hard,  compact,  and  of  a bluish  gray  color,  b.  Limestone, 
compact,  higlilv  crystalline,  and  of  a bluish  gra^-  color.  (Pa.  Second  Geol  Suiwca’  Report 

M.  p.  70).  ^ ‘ ‘ 

10.  Boekinantown  limestone.  Mary  Kidder  quarry.  § mile  west  of  XVhitehall  station.  L.  V. 

R.  R,  Broceiatod  limestone:  various  shades  of  blue  and  gray.  (Ml\[.  p.  .800.) 

20.  Be.'kmantown  limestone.  Trnnton  Railroad  Company's  quarry.  1 mile  southea.st  of 

Tronton.  Lehigh  County.  Hard  and  compact:  bluish  .gvay.  (MDt.  p.  810.) 

21.  B(*ekiiian«-oAAm  lime.stone.  EdAvard  Gutli  quarry-  ' At  Guth's  Station,  41  miles  Avest  of 

Catnsauoua.,  Lehigh  County,  Fine  grained:  dark  blue,  Avith  slaty  stnicture.  (^01.  p.  310.) 

22.  Boi'kinantown  limestone.  Thomas  Iron  Comnany’s  quarry,  at  Guth’s  station,  Lehigh  County. 
Fine  grained,  bluish  gray:  Avith  sr.me  quartz.  (DDI.  p.  310.) 

2.8.  Boekinantown  limestone.  Kph.  XVenner  quarries  at  Jordan  Bridge  of  the  Catasauqua 

Fogelsvillo  R.  R.  miles  nortliAA-est  of  AlleutOAvn,  Lehigh  County.  Leased  by  Crane  Iron  Co. 
a.  “Hard  limestone.”  fine-gi’aineci : hard  and  brittle;  spotted  Avith  pATites ; 'bluish  gray.  b. 
“Sioft  limestone.”  Comparatively  soft,  fine  grained,  dark  blue,  Avith  laminated  structure. 

Onr.  p.  800.) 

24.  Beekmaiitown  limestone.  IVTi's.  Kuhn’s  quarry  miles  northeast  of  TrexlertoAAm,  TjOhlgh 
(■'•iiTily.  I,imestt)ne.  c-ompa<  t,  silicenus  imd  of  a light  Iduish  gray  coloi-.  0[.  ji.  7(;. ) 
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Additional  «//<////, sew  of  Caiiibro-Ordoviciaii  liinestoacn — Coiitiuued. 
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25.  Beukmiuitown  limestone.  Frantz  quarry,  miles  northeast  of  Trexlertosvn,  Ijehigh  County. 
Liniestoni',  hard,  silioeoi's.  of  a diiil.-  ■ lii»  ooior.  (.M.  p.  7H.  I 

20.  Jaoksonhurg  cement  rock  ttliitehall  Cement  Company’s  quarry,  Cementon,  Lehigh  County. 
Analysis  by  Whitehall  Cement  Co. 

27.  Jacksonburg  cement  rock.  Typical  analysis  of  stone  in  quarry  No.  2.  of  Coplay  Cement 
Manufacturing  Co.,  Lehigh  County.  Analysis  l)y  company. 

28.  Quarry  of  Jonas  Shaub,  2 miles  east  of  SeisholtzTille  near  Lehigh  County  line,  Berks 
County'.  Analysis  ly  8.  ilcrreatli.  (1),8,  rol.  2 p.  144.) 

20.  Schall  quarry  i mile  north  of  Dale,  Berks  County.  Analysis  by  A.  S.  McCreath,  (D.3, 
vol.  2,  pp.  146-147.) 

an.  Clenrmer  quarry,  i mile  nortli  of  Clayton,  Berks  County.  Analysis  by  A.  S.  McCreath. 


(D3,  vol.  2,  p.  149.) 

31.  Diehl  quarry,  J mile  lielow  Clayton,  Berks  County.  Analysis  by  A.  S.  McCreath, 
(D3,  vol.  2,  p.  149.) 

.32.  Oberholtzer  quarry,  i mile  northeast  of  Bechtebsyille,  Berks  County.  Analysis  by  A.  S. 
McCreath,  (D.3,  yol.  2,  p.  151.) 

3.3.  Miller  quarry  4 mile  southyvest  of  Bechtelsyille,  Berks  County.  Analysis  by  A.  S. 
McCreath,  (D3,  yol.  2,'p.  151.) 

34.  Levi  Gresh  quarry  i mile  northeast  of  Greshville,  Berks  County.  Analysis  by  A.  S. 
McCreath,  (D3,  yol.  2,  p.  154.) 

35.  Danclheiser  quarry,  i mile  -svest  of  Greshville,  Berks  County.  Analysis  by  A.  S.  McCreath. 
(D.3,  vol.  2,  p.  155.) 

36.  Keely  quarry,  i mile  west  of  Greshville.  Berks  County.  Analysis  by  A.  S.  McCreath, 
(D.3,  vol.  2,  p.  155.) 

.37.  Rapp  quarry,  IJ  miles  sorrtheast  of  Barlville,  Berks  County.  Analysis  by  A.  S.  McCreath. 


(D.3,  yol.  2,  p.  156.) 

.38.  Quarry  i mile  north  of  Earlville,  Berks  County.  Analysis  by  A.  S.  McCreath.  (D3,  vol 

2,  p.  160.)  ‘ „ ^ 

39.  Quarry  on  Powder  Mill  Creek  (Ti’out  Rrrn)  J mile  nor-th  of  Barlville,  Berks  Coiurty. 
Analysis  by  A.  R.  McCreath.  (D3,  vol.  2,  p.  161.) 

40.  AVest  bluff  of  Manatawney  Creek  i mile  north  of  Rabbit  Hill,  Berks  County.  Analysrs 
by  A.  S.  McCreath.  (D.3,  vol.  2,  p.  162.) 

41.  David  Yoder  quarry,  J mile  northeast  of  Manatawney  (Pleasantville) , Berks  County. 
.Vnalvsis  by  A.  S.  McCreath.  (Do,  vol.  2,  p.  165.) 

4’>.  AVilllanis  (luarTv.  I mil"  northwest  of  .Manatawney  (Pleasantville),  Berks  County. 

Analysis  by  A.  S.  McCreath,  (D3,  vol.  2,  p.  165.) 

4.3.  Rchollenberger  qrrarry,  east  of  Pine  Creek,  4 mile  north  of  Manatawney  (Pleasantvrlle) , 
Berks  (bounty.  Analysis  by  A.  S.  McCreath.  (D3,  vol.  2,  pp.  165-166.) 

44  Weidners  quarry,  1 mile  south  of  Ixibaclrsville,  Berks  Courrty.  Analysts  by  A.  .g. 

McCreath.  (D.3,  Vol.  2,  p.  166.)  ^ . o 

45.  John  Keitn  quarry,  1 mile  west  of  Lobachsvilie,  Berks  Courrty.  Analysrs  by  A.  b. 

McCreath.  (D3,  vol.  2,  p.  167.)  , „ , . , . v,  » c 

46  Deisher  quaryv,  IJ  miles  northeast  of  Friedensburg,  Berks  Cormty.  Analysts  by  A.  S. 

McCreath.  (D3,  vol.  2,  168.)  c „ c 

47  Bcrtolet  quarry,  1 mile  east  of  Friedensburg,  Berks  County.  Analysrs  by  A.  S.  McCreath. 

(D.3,  vol.  2,  169.)  ' „ . , . , 

48  Karrffnran  quarrv,  14  miles  southeast  of  Fr-iedensburg,  Berks  Comity.  Analysrs  by  A. 

S.  McCreath.  (D3,  vol.  '2,  p"  170.) 
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40.  'Winter  quarry.  1 p.ile  nortlnvest  of  Gricsoinersville,  Berks  Countr.  Analysis  hv 

A.  S.  McCreath.  (P3,  vol.  2,  p.  171.) 

50.  Houok  nnnrry,  miles  north-^\est  of  rJrioseinersvine.  Berks  Countv  Analysis  bv 

A.  S.  MoCreath.  (T13.  vol.  2.  p.  171.  ■» 

51.  Oublin  quarry,  2 mile  north  of  Yellow  Hoii.se.  Analysis  bv  A.  S.  McCreath  (D3  vol 
2.  p.  172.) 

52.  Weaver  ouarrv.  2 miles  northwest  of  Griescinejsville.  Berks  Countv.  Analysis  bv  V 

S.  HcCreath.  (D3,  vol.  2,  p.  173.) 

5*>.  !^eth  Grim  quarry.  15  miles  northwest  of  GricsemcrsviUo,  Berks  Countv.  Analysis  bv 

A.  S.  McCreath.  (D3,  vol.  2,  p.  173.) 

54.  Kemmerer  quariy.  1^  miles  west  of  Griesemersyille.  IU*rks  Couiitv.  Analysis  bv  A.  S. 

McCreath.  (D3,  vol.  2.  p.  174.) 

"5.  Sneicler  quany.  1 mile  northeast  of  Oley  Line,  Berks  County.  Analy.sis  by  A.  S 

McCreath.  (B3,  vol.  2,  p.  175.) 

ro.  Bauc1ov]>usrl)  <|iuirri(s.  mile  (ast  of  nh'A-  Line.  Berl;s  Com  tv.  Anrlvsis  ly  A.  S. 

McCreath.  (D3,  vol.  2,  p.  176.) 

57.  Ezra  Griosenier  quariy.  1 mile  southwest  of  Grh'seniersyille,  r.mks  Cciinty.  .Vualysis 
by  A.  S.  McCreath.  (D3,  vol.  2,  p.  176.) 

58.  Eischer  quarries,  1 mile  .southwest  of  Gvieseineisyille.  Berks  County.  Analysis  by  A. 

S.  McCreath.  (1)3,  vol.  2.  p.  177.) 

50.  Herhein  quarry,  IJ  miles  southwest  of  Griosemersyille.  Berks  County.  Analysis  by  A. 

S.  McCreath.  (Do,  vol.  2.  p.  177.) 

60.  Marquart  quarry  near  Limekiln  Creek.  1 mile  southeast  of  Oley  Line,  Berks  County. 
Analysis  by  A.  S.  ^McCreath.  (D3,  vol.  2.  p.  178.) 

61.  Quarrv  i mile  southeast  of  Olev  Line,  Berks  Cniinty.  Analysis  ly  A.  S.  McCreath.  (Do. 
yol.  2.  p.  179.) 

62.  A.  Kiiabb  quariy,  A mile  northwest  of  Oby  Line.  I’erks  Cminty.  Analysis  by  A.  S. 

McCreath.  (D3.  vol.  2,  p.  180.) 

63.  S.  Kaufmans  quarry,  1 mile  south  of  Oley  I.ine,  Berks  County,  Analysis  by  A.  S. 

McCreatli.  (D3,  vol.  2,  p.  185.) 

64.  Bitter  quariw,  I mile  east  of  Jacksonwalcl,  Berk.s  Ct)unty.  Ai\alysis  by  A.  S.  McCreath. 

(D3,  vol.  2,  p.  18G!) 

65.  Tyson  qiiariw,  ^ mile  east  of  Jacksomvald,  Berks  County.  Analysis  by  A.  S.  McCreath. 

(D3,  vol.  2,  p.  187.) 

66.  Big  Dam  quany,  along  Schuylkill  River,  l.t  miles  southeast  of  Beading.  Berks  County. 

Analysis  by  A.  S.  !^[cCleath.  (D3,  vol.  2,  p.  189.) 

67.  Exposui’C  on  P.  & B.  cut,  1 mile  south  of  Beading.  Pa.  Analysis  by  A.  S.  McCreath. 

(D3.’ vol.  2,  p.  189.) 

68.  Long’s  quany,  right  bank  of  Schuylkill  Bi\er.  opposite  smitli  part  of  Beading,  Berks 

County.  Analysis  b,v  Booth,  Garrett  and  Blair.  (D3,  yol.  2,  p.  195.) 


LEBANON  AND  DAUPHIN  COUNTIES. 


The  Great  \'alley  Ihiiestoues  ot  Cambro-Ordovician  age  cut  across 
tlie  southern  half  of  Lebanon  and  Dauphin  counties  in  an  east-west 
li-ending  band  that  is  about  12  miles  wide  near  the  Berks  County 
line  but  gradually  narrows  westward.  In  the  vicinity  of  the  Sus- 
(iuehanna.  Biver  it  is  ))roken  into  smaller  areas  by  an  intervening 
band  of  slate. 

The  limestones  of  this  section  as  jmt  have  not  been  carefully 
studied,  so  a classification  is  not  offered  here.  It  is  clearly  recog- 
nized, hoAvever,  that  there  are  sc.'veral  different  formations  possessing 
distinct  lithologic  characteristics  and  containing  organic  remains. 
Fossils  are  scarce  so  that  most  of  the  exposures  show  none  although 
niiuule  search  of  tlie  wi'alliered  strata  will  doubtless  bidng  to  light 
more  lhan  are  ordinarily  believed  to  exist. 

In  th(‘  past  when  the  principal  use  for  the  limestones  was  for  the 
manufacture  of  agricultural  lime,  Avith  minor  uses  as  flux  for  the 
local  iron  furnaces  and  for  building  stone,  scores  of  limestone 
(piarries  AA'ere  opened  throughout  the  region.  The  cpiality  of  the 
stone  Avas  ahvays  to  be  considered  but  Avas  of  less  consequence  than 
its  ]>roximity  to  tln^  consumer.  At  present  the  only  (]uarries  in 
continuous  operation  are  those  that  fmmi.sh  superior  stone  for  liux 
and  cement  and  are  located  near  the  railroad.  Merely  by  accident 
the  Philadelphia  and  Beading  B.  B.  jiasses  through  the  area  con- 
taining the  best  stone  of  the  region,  stone  of  such  unusually  fine 
(piality  that  railroad  facilities  Avould  doubtless  have  been  provided 
if  the  main  line  of  the  railroad  had  been  located  elseAvhere. 

Most  of  the  limestones  of  the  region  are  high  in  magnesium  car- 
bonate as  AV(dl  as  silica  and  lienee  of  little  value  for  flux,  cement, 
or  high  grade  lime.  They  are  Avell  adapted  for  concrete  and  road 
imTal  and  have  been  quari-ied  for  such  use  near  Harrisburg. 
l,(‘banon  and  the  other  toAvns  of  tlie  district.  They  Avould  be  Aualuable 
for  building  pur])oses  if  the  cracks,  joints  and  uneven  bedding  planes 
wei-e  less  numerous.  As  an  iUustration  of  the  demand  for  high 
(jimlity  stoni'  oidy,  it  may  lie  mentioned  that  at  Cormvall  the  Beth- 
b hem  St(>el  Conqinny  is  Avorking  an  (extensive  deposit  of  magnetite 
ii-on  ore  by  thi'  open  cut  method  Avhich  requires  the  removal  of  large 
(]uantities  of  overlying  Camln-o-Ordovician  limestones  of  average 
ipiality.  Occasionally  some  of  the  stone  is  sold  for  local  use  on  the 
I'oads  or  for  concrete  but  in  the  main  the  stone  is  Avastinl. 

High-grade  Limestone. 

The  only  sections  of  this  region  worthy  of  special  discussion  are 
the  ai’(‘a  of  high  grade  limestone  that  extends  as  a narroAV  band 
from  MyerstoAAii  to  Palmyi-a  and  tin*  (piarries  at  Steelton  that  are 
(‘xtensively  Avork(*d  for  lliix  by  the  B(‘thleh(‘in  Steel  Company.  In 


i;;;: 

Part  IN’,  Annual  Report  of  the  Second  (teolugical  Survey  of  Penn- 
sylvania for  1SS()  (pp.  lo-lMdod j there  are  brief  descriptions  of  o'l 
limestone  (ptarries  in  Dauphin  and  dd  in  Leh.anoii  counties. 

Annville  Umcsionc. — The  best  limestone  of  the  district  and  of  its 
kind  ecptal  to  any  in  the  State  is  contained  in  a belt  only  a few 
hundred  feet  wide  and  about  15  miles  long  that  passes  through  or 
very  near  Myerstown,  Lebanon,  Anuville,  and  Palmyra.  In  this 
area  limestone  about  TOO  feet  thick  averages  more  than  !J5  per  cent 
calcium  carbonate.  This  stone  has  been  cptarried  most  extensively 
in  the  vicinity  of  Annville  and  consecpiently  the  name  “Annville 
limestone”  has  become  a trade  name  for  the  product  of  the  entire 
belt. 

The  high  calcium  stone  lies  betAveen  dolomitic  strata  that  are 
generally  higher  in  silica.  For  certain  uses  some  of  these  other 
stones  may  be  included  in  a shipment  and  this  must  be  borne  in  mind 
in  the  examination  of  the  analyses  that  folloAV.  Adjoining  the 
quarries  of  the  best  stone  there  are  in  places  other  quarries  that 
furnish  stone  of  someAvhat  inferior  grade  for  purposes  Avhose  speci- 
lications  ar'e  less  rigid  II.  E.  Millard,  the  largest  operator  of  the 
district,  Avitli  one  quarry  at  MyerstOAvn.  7 at  Annville,  and  one  at 
Palmyra  claims  that  all  his  ipiarries  contain  limestone  Avith  9S 
];(*r  ((Mit  01'  more  of  calcium  cai'b(uiat(‘  although  the  analyses  of  the 
shi]iments  from  the  quarries  of  the  lielt  seldom  shoAv  material  of 
this  cpiality.  NN’ith  sufficient  care  in  quarrying  most  of  the  producers 
i-ould  ship  stom*  aAou-aging  mcua*  Than  !Hi  oi-  c\  (*n  bS  j m-  cent  calcium 
carbonate. 

The  stone  from  the  region  is  sold  principally  to  the  Portland 
cement  companies  of  the  Lehigh  district  that  recpiii'e  some  high 
grade  calcite  stone  to  mix  Avith  rhe  cement  rock  of  their  ipiarries 
that  is  slightly  deficient  in  its  C:iCO.^  content,  and  to  the  iron  and 
steel  companies  of  the  State.  Fonsidei-able  is  burmnl  for  lime  and 
a snmll  quantily  is  used  as  crushed  stone. 

The  chief  obstacles  in  ([uarrying  this  desirable  linu'stone  are  the 
pi-esence  of  Avater  at  comparatively  shalloAv  depths  and  the  over- 
burden of  residual  clay.  Tn  some  ]daces  the  strata  are  so  shattered 
and  cavernous  that  any  quarry  opening  receives  the  drainage  from 
several  acres  and  few  are  so  located  tliat  they  are  self-draining.  Ac- 
cordingly the  necessary  pum])ing  consideraldy  increases  the  cost  of 
operation.  The  overlutrden  is  of  valuable  thickness  and  in  some 
localities  is  too  thick  to  Avarrant  removal  at  the  present  time. 

At  the  quarric'S  of  LaAvrence  Portland  <5  ment  <’o..  and  tin* 
NVhitehall  Portland  Cement  Co.  a 'short  distanci'  norlliAvest  of 
Annville.  bands  of  decom]»osed  limestone  about  75  feet  Avide  are 
exjiosed.  It  has  returned  to  the  original  unconsolidated  con- 


<liti()ii  of  a chalky  marl  by  tin*  recent  .solution  of  tlie  eeiiientjng 
ealeiuin  carbonate.  For  the  ordinary  uses  of  limestone  it  is,  of 
course,  -wortbless  but  it  should  be  valuable  for  agriculture  as  it 
has  the  saim*  cliaractir  as  juilverized  limestone. 

The  accom])anying  pliotograjili  ( i'late  IX)  of  the  (inarry  of  the 
Calcite  (Juariy  ('o.  at  Alyei-stown  as  seen  from  tlie  cruslier  shows 
llie  metliod  of  qmu-rying  and  dis]K)sal  of  waste. 

Steeltoii  quarry. — The  most  extensive  single  quarry  operation  in 
the  region  is  that  of  the  Bethlehem  Steel  Co.  at  Steelton.  This 
quarry  has  long  been  wmrked  to  obtain  flux  for  tiie  Steelton  fur 
naces.  It  is  well  located  for  economical  operation  as  the  quarry  is 
in  the  side  of  a hill  facing  the  Susqiiehanna  Kiver.  AYithout  going 
lower  than  the  river  a quarry  face  averaging  approximately  100  feet 
high  has  been  obtained  over  tlie  larger  part  of  the  quarry,  which 
is  more  than  a quarter  of  a mile  long.  The  stone  is  quarried  by 
breaking  down  100,000  tons  at  a single  blast.  It  is  loaded  into  cars 
by  steam  shovels  and  liauhnl  to  the  crushing  plant  where  it  is  broken 
to  blast  furnace  size.  The  furnaces  are  adjacent  to  the  quarry. 

The  strata  in  this  quarry  are  both  folded  and  faulted  but  are 
mucli  less  cavernons  tlmn  the  limestones  eksewluu-e  in  tlu‘  valley. 
One  small  cavern  lias  lieen  encountered  in  wdiich  there  is  a small 
(luanlity  of  travertine  or  cave  onyx. 

The  thickness  of  the  overburden  of  clay  and  rotten  limestone  is 
decidedly  variable  as  determined  by  numerous  borings  in  addition 
to  the  sections  exposed  in  the  working  face.  The  average  thick- 
ness is  probably  about  12  to  15  feet  but  in-  many  places  the  over- 
burden exceeds  30  feet  and  in  a fcAV  borings  it  was  even  more  than 
10  feet. 

The  composition  of  the  stone  varies  from  layer  to  layer  and 
in  the  same  layer  in  different  parts  of  the  quarry.  However  there 
are  few  places  where  the  silica  content  is  excessive.  In  the  following 
table  of  analyses  tbe  average  and  also  some  of  the  unusual  composi- 
tions are  shown,  the  selection  being  made  from  scores  of  analyses 
available. 

The  stone  in  this  quarry  at  Steelton  would  also  be  useful  foi“ 
other  purposes  although  little  has  been  used  other  than  for  flux. 
A few  years  ago  a small  quantity  was  sold  for  road  metal. 


Calcite  Quarry  Co.  quarry,  Myerstown,  Lebanon  County. 


PLATE  IX. 


Aitaliji-Gs  of  (Jumhro-0 rdovician  limestone  of  Lebanon  and  Dauphin 


comities. 
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2a 
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4 
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CaCOs  

89.55 

92.24 

94.44  > 

93.86 

93.92 

94.66 

95.78 

5.22 

3.46 
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1.94 

2.G7 
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2.00 

2.52 
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0.84 
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0.97 
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xS 

.046 

.015 
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.008 

.005  
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8 

9 

10 
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CaCOa  

94.20 

70.50 

71.27 

73.20 

59.06 

41.98 

66.70 

MgCOs  

2.89 

13.34 

18.66 

11.60 

30.50 

21.16 

21.19 

SiOa  

l.o7 

10.57 

6.43 

8.23 

7.42 

11.20 

8.10 

AI2O3  1 
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1.14 

5.55 

3.65 

6.93 

3.79 

25.40 
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12b 
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12a 
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14 

15 
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17 

OaCOa  -J  78.13 

80.68 

82.20 

SI.  76 

67.40 

60.79 

78.72 

82.58 

74.92 

MgCU3  — 8.37 

10.12 

3.96 

6.58 

22.93 

34.44 

17.60 

11.49 

17.49 

Sicii  8.70 

■ 5.77 

10.10 

7.28 

6.48 

3.12 

1.S5 

3.56 

3.54 

---  1.94 

3.13 

1.58 

1.9/( 

Fe-Oo  ---1  2.l0 

1.9(i 

1.65 

1.73) 

3 . 15 

1.82' 

1 .95 

2.25 

4.02 

1.  Property  of  Ephraim  Erb,  1:^  miles  soutliwest  of  Richland.  Average  of  4 prospect 

samples.  Analyses  by  Bethlehem  Steel  Co. 

2.  Upper  portion  of  Cambro-Ordovician  limestones,  Millard  quarry,  Myerstown.  a.  Average 

of  20!)  cars  sliipped  to  Thomas  Iron  Co.  during  first  half  of  1920.  b.  Average  of  180  cars 

sliipped  to  Thomas  Iron  Co.  during  latter  half  of  1920.  Analyses  by  Thomas  Iron  Co. 

3.  Ebbling  quarry.  East  Myerstown.  Analysis  by  Bethlehem  Steel  Co. 

4.  Bassler  quarry.  West  Myerstown.  Analysis  by  Bethlehem  Steel  Co.  . 

5.  Upper  part  of  Cambro-Ordovician  limestones,  Calcite  Quarry  Co.  li  miles  west  of  Myers- 
town. Average  of  9 analyses  made  by  the  Robesonia  Iron  Co.  between  1913  and  1921. 

(J.  Millard  quarry  2 miles  west  of  Myerstowm.  Average  of  5 analyses  of  car  load  lots  made 
by  Midvale  Steel  and  Ordnance  Co. 

7.  Bethlcliem  Steel  Co.  property  north  of  Prescott.  Average  of  59  diamond  drill  hole 
samples.  Analysis  by  Bethlehem  Steel  Co. 

8.  Quarry  of  Cornwall  Furnace  Co.,  Lebanon.  General  quarry  sample.  Analysis  by  Beth- 
lehem Steel  Co. 

9.  Quarry  of  Cornwall  Iron  Co.,  South  Lebanon. 

10.  I'roperty  of  Anthracite  Furnace  Co.  J mile  northwest  of  Cornw-all.  Average  of  4 prospect 
samples.  Analysis  by  Bethlehem  Steel  Co. 

11.  Drill  samples  from  south  side  of  west  end  of  mine  at  Cornwall  Sept.  29,  1915.  Analysis 
by  Bethlehem  Steel  Co. 

12  4 samples  of  limestone  from  south  side-  of  Middle  Hill,  Cornwall  mine,  taken  at  intervals 

of  25  feet,  Jan.  24,  1910.  Analysis  by  Bethlehem  Steel  Co. 

13.  Reinhard  quarry,  southwest  part  o:^  I.ebanon.  Average  quarry  sample.  Analysis  by 

Bethiehem  Steel  Co. 

14  I.ineaweaver  quarry,  West  Lebanon.  Average  of  21  samples.  Analysis  by  Bethlehem 
Steel  Co. 

15.  Stanley  quarry,  1 i miles  west  of  Lebanon.  General  quarry  sample.  Analysis  by  Beth- 
lehem Steel  Co. 

iC.  Kreidler  quarry,  Cleona.  General  quarry  sample.  Analysis  by  Bethlehem  Steel  Co. 

17.  Imboden  quarry,  i mile  soutlwest  of  Cleona.  General  quarry  sample.  Analysis  by 

Bethiehem  Steel  Co. 


AjiaJj/scs  of  C(niih)-o-()nl(jrictnii  I i iiir.st(jHC  of  LcJxuioii  and  Daiijdiiii 

(foiiaticst — Continued. 
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24 
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2.97 
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5.8t 

10.57 
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3.10 

.93 

1.03 

8.92 

2.20 

1.09 
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.80 

1.29 
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1.85 

.72 
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32a 
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CaCOa 

83.41 

87.01  80.77  60x37 

75.57 

74.72 

73.88 

94.44 

90.36 

MgCOa 

1.3.72 

10.11  5). 99  37.85 

19.29 

21.42 

21.51 

3.89 

7.59 

SiOa  

2.  CO 

1.98  7.86  1 2. .36 

4.. 34 

3.02 

3.66 

2.02 

1.96 

AlaOa  ___ 

1.24 

.70  2.15  1.18 

.S5 

1.28 

.36 

.33 

FeaO.-! 

■■ 

..30 

..31 

IS.  AnTiTille  Line  Co.  (Dcitzler)  quarry,  East  Annville.  General  quariT  sample.  Analysis 
by  P.etlileliem  Steel  Co. 

in.  SheffA'  and  Mark  quarry,  east  AnuA-ille.  Cxeneral  quari-A'  sample.  AnalA'sis  by  Bethlelien 
Steel  Co. 


20.  Smith  quarry*  north  Annville.  Ocneral  quarry  sample.  Analysis  by  Bethlehem  Steel  Co. 

■'1  Batdorf  and  Forney  quarry,  northwest  Annville.  General  quarry  sample.  Analysis  by 
Bethlebeiu  Steel  Co. 

22.  Funk  quarry,  nortlnvest  Annville.  General  quarrv  sample.  Analvsis  bv  Bethlehem 
Steel  Co.  ... 

2.‘L  ‘Millard  quarries.  Annville.  a.  Averaffe  of  ?,  cars  shipped  to  Thomas  Iron  Co.  durin;"  1020. 
b.  Averaiio  of  S cars  shipped  to  Steelton  in  1017. 

24.  Quarry  of  Anm-ille  Quarry  Co.  1 mile  northwest  of  Palmyra.  AA*erage  of  42  oars 
shipped  to  Steelton  during-  1017.  Analysis  by  Bethlehem  Steel  Co. 

2.".  Spring  Creek  Lime.stone  Co.  quarry.  SAA-atara.  AA-erage  of  00  cars  shipped  to  Steelton 
during  1017.  Analysis  by  Bethlehem  Steel  C<>. 

20.  Bradley  quarry,  SAvatara.  Average  of  22  cars  shipped  to  Steelton  during  1917  Analvsi< 
by  Bethlehem  Steel  Co. 

27.  Ahercasli  quarry,  1 mile  east  of  HummelstOAvn.  Average  of  8 samples  \nalvsis  bv 
Retlilehem  Steel  Co. 

28.  Stover  quariT.  -i  miles  soutliAvest  of  HummelstoAvn.  Average  of  2 samples  \nalvsm 
by  Bethlehem  Steel  Co. 


Analysis  by  Beth- 


20.  Hooker  quarry,  1 mile  southeast  of  Steelton.  Average  of  9 samples 
leliom  Steel  Co. 

.'W.  aimhloi-  property,  i mile  southeast  of  Steelton.  Average  of  It  diamonfl  drill  onres. 
Analyses  by  Betlilehem  Stool  Co. 

by"  liotldchcm  Steef'^Co'^''^"'  A'^erage  of  shipments  during  1918.  Analysis 

32.  Upper  part  of  Cambio-Ordovician  liniestoiies.  ,T.  T.  Whitlock  qnairy,  Taxtang  a.  Avenwe 
01  , cars  shipped  in  1915.  b.  Average  of  IS  cars  shipped  in  1910.  “ 


CUMBERLAND  AND  FRANKLIN  COUNTIES. 

I 111*  (ii(*iit  \ ;il](‘v  wilh  iis  < 'nnilirin  n and  Oi-di)\ici;ni  linii'stoncs 
(■nts  across  ( niid'CMland  and  Franidin  counties  fniin  llie  Snsipic- 
iianna  River  1o  tlic  ALiryland  line.  Tiic  main  hand  o!'  limestones 
IS  Id  lo  12  miles  wide  in  seme  idaces.  Due  lo  comjdicated  fold- 
in,n  sevm  nl  delaelual  liim^sione  anuas  foi  ni  I lie  tloor  of  snlisidiarv 
\'alleys. 

'riii-ongliont  lliese  comities  die  soil  cover  is  conshleriildy  lliinnm' 
Ilian  in  most  of  the  oUier  limestone  anais  of  die  Slate,  and.  as  a 
'yonse(|nenee,  ontei'o]is  are  mon'  nnmei'ons. 
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Division  into  Formations. 

St()s(‘*  has  snhdividcd  the  ( 'ainhi'od  ivdovieian  limestones  of 
Fi-aid;liu  Comity  into  tlie  following  formations: 

( irdovieian 

Cha III hri'shiirfi  U iuvnioiic.  lOO-TiK)  feet  thick. 

“Thin-l)edd(  (1  tough  dark  lime:  tone,  nsnally  very  fossiliferons  with 
irregular  clayey  ] arlings  g'ving  rise  to  limestom*  “cobble”  on 
weathering.  1 nteibedd'-d  shale  at  Ihe  to]»  in  most  [ilaces  forms 
gradation  into  Martinsbni'g.” 

Stones  River  li iiiestoiie.  (sTb-lO.lb  feet. 

“^'ery  jmre,  thin-bedded,  even-grained,  dove-colored  limestone  at 
loji  and  bottom  tvilh  seme  magnesian  layms;  granocrystalline  gray 
fosslifmons  limestone  with  thin  hn’er  of  black  lilockv  chert  in 
m (Idle.” 

Reekiiia iitoini  li iiiestoiie.  23(10  feet. 

“Thick-bedd(‘d,  rather  jnire  limestom*  in  larg(‘  part  tinely  lamin- 
ated, interbedded  with  magm'sian  IkmIs  and  line-grained  pink  to 
while  marbb*;  contains  beds  of  oolite*,  tine  conglomerate,  chert  no- 
dules, and  (piaidz  geodes  at  sevei'al  horizons  ami  grading  doAvmvard 
into  him*  limestone  with  hard  siliceous  laminae,  coarse  ‘‘edgewise” 
conglomei'ate,  and  ]>nrer  tine-grained  marble. 

“t'lnall  I'o:  ette  and  “canlillower”  cherts  at  or  near  the  top  of 
the  fonnation.” 


Cambrian. 

Coiioeoeheaiine  li  iiiestoiie.  KKT)  feet. 

“d  hill-bedded  Idne  linu  stone  tinely  banded  by  thin,  hard  siliceous, 
generally  contorted  laminae  that  weather  in  relief  and  tinallj^  disin- 
Kgrate  to  slaty  sandstom*  and  shah*  fragments.” 

•■l’]dg(*wise”  congloim  rate,  ch(*rt,  oolite,  and  limestone  conglom- 
(*rate  containing  cpiartz  grains  and  weathering  to  porous  sandstone, 
at  the  base.” 

Rlhiook  jo!  Hint  ion . .■tltbU  feet. 

“Cray  to  ])ale-blm*  shalv  linu'stone  and  calcareous  papery  shale 
with  some  h(*avier  liim*stone  beds  at  the  base  and  thick-bedded 
silic(*ons  limesiom*  in  tin*  middle.” 

W'difneshoro  fonnation.  1000±  feel. 

“Slabby  gray  calcareous  sandstones  or  sandy  lime.itones  and  hard 
slaty  ]»nrple  shale,  with  lime.*-tone  and  tine-grained  white  marble  in 
niiddh*.  lairge  scoriac(*ons  bite  clu*rt  heads  and  vein  cpiartz  in 
lower  poition.” 

Toinstoirn  I i inestone.  lOtM)  feet. 

“Massivi*  and  thin-hedd(*d  lim(*stom*,  in  part  chei'ty  and  magnesian, 
with  considerabh*  shah*  and  soft  whib*  clay  at  the  base.” 

*GeoI.  .\tlas  of  the  U.  S.  ; Slercersliurg-Cliambershurg  Folio  No.  170  XJ.  S.  G.  S.,  W'asliingtoii, 
I).  C.  1909. 
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Altlu)ii<>h  i-(‘cent  iiinps  sliowiii”’  tlio  <li.s1ril)iifion  of  ”(*olo»ic  foi'in- 
atioiis  of  Ciinif)erl:!ii(l  <’oniity  liavo  not  Ikhmi  prcjiarod  i1  is  known 
tliat  the  sani('  fonnafions  occur  There. 

Uses. 

The  Canil)ro-< )]-(lovician  linn^stones  of  < 'ninlierland  and  Franklin 
counfies  liave  lieen  qnanied  in  scores  of  places  for  a wide  variety 
of  nses  yet  few  large  (piarrying  operations  have  heen  develo];ed.  IMost 
of  the  material  (piarried  lias  heen  nsed  locally  or  in  tin'  adjoining 
counties. 

The  early  nses  of  these  limestones  were  for  the  manid'actnre  of 
agricultural  lime,  as  tlu.x  in  tlu'  numerons  iron  blast  furnaces  that 
were  located  in  the  region  when  the  local  iron  ore  mines  were  in 
operation,  and  for  the  construction  of  buildings.  Although  they 
were  fairly  satisfactoiw  for  all  of  these  purposes,  in  few  ]dac(‘S  with- 
in the  region  is  limestone  being  quarried  at  the  present  time  for  any 
of  these  industries.  Nevertheless  limestones  of  sufficiently  desirable 
idiaracter  may  in  time  be  much  more  fully  utilized  than  at  iiresenl. 

In  recent  years  the  chief  use  for  limestone  (pianded  here  has  Ikm'ii 
as  ballast,  in  the  improvenn'iit  of  highways,  ami  also  as  crushed  i-ock 
in  other  construction. 

Some  quoted  paragraphs  following  are  taken  from  Stose's  descrip- 
tion of  the  areas  included  within  the  Mei‘cersbui-g  and  Chambers- 
burg  quadrangles  but  they  ap]dy  ('qually  widl  to  the  ('iitire  linn- 
stone  region  of  these  two  counties. 

Lime  and  Flux. — “Lime  is  extensively  nsed  in  this  ar(-a  foi-  enrich- 
ing the  soil,  and  the  various  limestones  aia-  quarric-d  for  this  ]iuri)OS(> 
throughout  both  quadrangles.  IMm  h of  the  limestone.  es])ecially  tliat 
of  the  ronococln'agiu'  and  lower  formations,  is  very  im]mre,  usually 
containing  a large  ]:ercentage  id"  magnesium  carbonati'  and  fim“ 
siliceous  and  argillaceous  matter.  1 nt  beds  can  hi*  found  almost 
anywhere  that  will  yie'd  lim*'  suit  able  for  local  use  as  fertilizer. 
Idme  is  es])ecially  bem-hcial  to  the  sandstem'  and  shah'  soils,  and 
kilns  are  conseiiuently  more  numerous  along  the  shale  boi-der. 
Much  of  the  lime  is  bui-ned  in  lieaps  in  the  tii-ld  without  pi-rmanent 
kilns.  The  Stones  Itiver  limestone  is  the  ]iurest  of  the  Shenandoah 
grou]i  and  all  the  high  grade  lime  is  made  from  it." 

In  general  the  Stones  River  limestoiu'  lic-s  near  the  northwest 
bordi'i'  of  the  liinestom-  lu-lf  onlv  a slnnd  distance  from  the  over- 
lying  IMartinsbui-g  slates.  Ibn-  to  conqilex  folding  and  faulting 
small  ari'as  are  occasionally  noted  elsewliere. 

Tin-  most  exti-nsive  (pian-ying  o])eraticn  in  tin-  entb'c  distriid  at 
j'.i'esent  is  near  Williamson.  Franklin  To.,  A\lu're  the  J.  F.  P.aker 
('o.  has  ojiem-d  (pmrries  in  tin-  Stones  Rivei'  formation.  Oni'  ipiarry 
at  the  south  edge  of  town  has  been  worked  extensivi-ly  but  has  now 
been  worked  almost  to  the  ]n-operty  lim-s  and  will  lie  abandoned. 
Some  stone  is  still  ipiarried  and  burned  foi-  lime  for  local  use.  Two 
other  quarries  along  the  railroad  about  1 mile  north  of  town  have 
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oiiciumI  liut  only  one  was  being  \vorke<l  at  the  time  of  our  visit. 
Tli(‘  Slone  is  line-gi-ained  and  unifoi-m.  An  average  analysis  fnr- 
nished  Ity  the  comjtany  is  as  follows: 

J an///.s'/.s'  of  rn)}(’.sio}ic  in  Bal'd-  (jimn-j  near  ]Villianison,  Franklin 

Count  I/. 


(’aro 95.60 

Mgro.,  i>.8o 

miO.,  90 

AU’),,.  Fe..O,  79 


The  jirodnct  of  the  AVilliainson  quarries  is  ehietly  used  in  blast 
rnrnaee.s  and  ]date  inannfactnre. 

“A  sain])le  from  tlu‘  Stones  Kiver  limestone  near  Mercershnrg 
showed  on  analysis  90.4  j er  cent  of  ealcdnm  carbonate.  Although 
lh(vs(*  imrc'  IhmIs  are  nof  so  thick  as  those  at  Martinsbnrg,  W.  Va. 
wlune  tlie  rock  is  (inarried  on  an  enormous  scale  for  shipment  as 
linx  to  the  iron  furnaces  of  IMttslmrgh,  the  analyses  compare  favor- 
ably. Thi'(*e  sani]  h's  of  Stones  Riv(*r  limestone  from  the  Martins- 
burg  (pmrries  contain  9:i.i.*,  97.7,  and  9S.1  per  cent  of  calcium  car- 
bonate. 

“Tile  oulcriqi  of  llie  Stones  Riven'  formation  is  shoAvn  on  the  areal 
geology  majis  of  tin"  Ik  S.  <1.  S.  (leologic  Folio,  Xo.  170  and  rock 
snitabh*  for  linn*  jiroduction  can  be  obtained  at  most  places  within 
its  area.  Xnmerons  (piarri(*s  an*  located  in  the  belts  between  Oham- 
beisbnrg  and  (Ireencasth*  adjacent  to  the  shale  lands,  and  a large* 
industry  has  been  developed  in  the  Rocky  Spring  cove,  Avhich  is 
surrounded  by  shale  farm  lands.  The  Stones  River  limestone  is 
(‘xceiitionally  juire  and  thick  bedded  in  this  locality  and  the  large 
quarry  1 mile  noith  of  Beautiful  runs  six  kilns. 

“Certain  beds  in  the  Chambersburg  and  Beekmantown  foi-mations 
an*  also  faii  ly  jtun*  and  make  a lime  of  good  grade.  Lai-ge  quarries 
and  kilns  in  tin*  BP(*kmantown  are  located  at  Stonehenge  and 
Stoutferstown,  east  of  Chamberslmrg.  Excejitibnally  pure  lieds  in 
I In*  ( 'hamberslmi  g limestom*  occui'  at  Fort  Loudon  and  in  the  vicinity 
(if  Blue  S])ring,  southwest  of  3Iercersburg,  A sample  from  the 
( 'hamber^burg  limestone  m*ai'  Mei'cersburg  show(*d  an  analysis  95.2 
])er  cent,  of  calcium  carbonate  and  only  0.07  tier  cent  of  magnesium 
carl'onate,  the  rest  being  largely  insoluble  impurities.’’ 

“A  large  number  of  beds  in  the  Shenandoah  group,  especially  in 
portions  of  the  Tomstown  and  Beekmantown  limestones,  contain  a 
high  iiercentage  of  magnesium  carbonate.  Beds  ranging  from  25 
to  40  ]ier  cent  in  magnesium  carbonate  alternate  with  almost  pure 
limestone  containing  1.4  to  3 per  cent,  but  by  selection  in  (piarrying 
(he  highly  magnesian  layers  can  he  segregated.’’ 

At  Xewville  a quarry  has  been  opened  mainly  for  road-building 
material  but  certain  strata,  somewhat  purer  than  the  average,  are 
burned  for  agricultural  lime.  The  average  stone  is  said  to  contain 
about  82.7  per  cent  of  calcium  carbonate, 
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The  'Wiilton  ([uarry  along  the  Susiiuehamia  Kiver  opposite  the 
lower  portion  of  Ifarrishnrg  has  likewise  been  workcal  in  recent 
years  for  road  and  concrete  material  nniinly  hut  sonn'  is  hnrn(*d 
for  lime  and  some  used  for  tlnx.  In  Part  I of  this  repoid.  the 
variation  in  the  chemical  composition  of  the  stone  from  this  (jnarry 
is  discussed.  An  average  of  11  sample's  collected  and  analyzed  by 
the  Pethlehem  Steel  Co.  gave  tin'  following  results: 

. 1 nn///.s-/.S'  of  Ihiifstonr  from  Walfoii  qiiarrii.  near  iiiojiiic. 


(’aCO,  S7.VA 

llgco,  lo,;;:i 

s:o,,  

Al,0,  i Fed),  S7 


('emnit. — ‘‘Certain  black  limestones  in  tlu'  transition  beds  at  the 
base  of  the  Martiiislnu'g  formation  are  ]»robably  snitable  for  Hn' 
mannfactni'e  of  natural  cement.  These  b'Cds  are  generally  too  thin 
and  too  much  mixed  Avith  the  shah'  to  ’ ('conomically  used  for  this 
pni'pose,  but  tln*y  thicken  toward  the  west,  and  lu'yond  ll('rc('i-sl)nrg. 
es])ecially  in  the  eastern  part  of  McConm'llsbnrg  Cove,  individual 
beds  are  1 foot  tliick  and  the  more  massive  portion  aggregates  0 to 
S feet  in  thickness.  An  analysis  of  a sample  (d'  rock  from  this 
horizon  in  the  Pocky  Spring  cove  is  as  follows: 

" A mil  //sis  of  hlinlc  1 i mrstoiir  at  hasc  of  Miirfhisbini/  fonmif  ion  in 

Uochji  Siirini/  corr. 

[AV.  T.  S<‘li;'iller.  analyst.] 


(’aCO,  (iN.S2 

llgCO. L’U 

FeCO,’ l.ai 

Ft'.dlg 

Abo"  a.si: 

SiO^  etc  (insoluble)  2^.93 


90.66 

“This  rock  differs  from  the  best  natural  cements  in  its  low  per- 
(•('iitage  of  llgfd),.  AAliich  nmy  vaiy  in  tin*  dilferent  l)eds,  and  tin' 
list'  of  tin'  rock  for  cemetit  piiriioses  can  bi*  dett'rmiiit'd  onl.v  by  a 
nnnilier  of  analyses  and  practical  cement  tests. 

“Fetter  cement  can  be  made  by  mixing  ])iire  liniestont'  Avilli  shale, 
ihe  jiroportion  of  each  to  be  determined  by  cari'fiil  analvsis  of  Iht' 
constitiK'nts  and  thorough  te.st  of  the  product.  The  purt'r  beds  in 
ihe  Stones  Kiver.  Chambt'rslmrg,  ;unl  Peekmantown  limestones  are 
suitable  for  this  purpose,  and  shale  can  bt'  procured  from  ihe  ad- 
.I'acent  shale  belts.  Cement  could  be  commercially  manufactured  al 
almost  any  place  in  the  Stones  Piver  limestone  areas  not  too  distant 
from  the  Martinsburg  shale  and  convenient  to  the  railroad.  Ab>  plant 
is  established  in  this  area  at  present.” 

At  one  time  natural  cement  Avas  made  from  some  of  the  limestones 
near  Scotland  as  recorded  in  Peport  ^13  of  the  Second  Geological 
Survey  of  Pennsylvania,  p.  82. 
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Aiialj/s:s  of  limr.s-foiic  near  Scoflniid,  Fidiilx'lhi  Foinifjj. 


CaCO,  47.47:; 

MgCC)3 15.581 

SiO, 2!). (140 

ALO.+  Fe^Os  (77(i0 


BuiUUng  Stone. — “Stone  for  local  building  purposes  is  plentiful 
in  tliis  ai‘(‘a,  but  none  suital)le  for  shipment  is  known.  Limestone 
of  conveiiient  thickness  for  quarrying  can  be  obtained  in  most  por- 
tions of  the  Sbeuandoah  groiip,  and  it  makes  v(u-y  enduring  struc- 
tures, as  attested  h^^  the  old  stone  dwellings-  aud  arched  bridges 
across  the  streams  throughout  the  valley.  At  present  it  is  used 
very  little  for  building  stone,  except  in  foundations,  walls,  bridge 
piers,  and  rubble  fences.” 

j\[arhle. — “IMarble  for  building  or  ornamental  purposes  has  not 
l»een  quarried  in  this  area,  but  several  beds  of  ]>ossible  value  have 
been  seen.  The  most  attractive  bed  is  a iiink  marble  irregularly 
veined  with  green  that  occurs  near  the  base  of  the  Beekmantown. 
8(everal  of  the  purer  white  limestones  of  the  Beekmantown  are  finely 
crystalline  marble  and  have  a faint  pink  tint,  but  Ibo  miles  south- 
east of  the  village  of  Clay  Hill,  the  marble  has  unusually  good  color. 
Sj)ecimens  collected  here,  although  from  the  surface  and  consider- 
ably fractured,  acquire  a fine  polish.  If  the  color  is  found  to  con- 
tinue with  depth  and  sufficiently  large  blocks  can  be  quarried,  this 
marble  may  prove  to  be  of  commercial  importance. 

“Other  beds  of  marble,  probably  of  little  commercial  value,  ob- 
served in  the  area,  are  as  follows:  A fine-grained  milk-white  marble, 
badly  sheeted,  in  the  Waynesboro  formation  1 mile  northeast  of 
A'ayneshoro ; a coarse  mottled  reddish  variety  in  the  Conococheague 
limestone  in  the  vicinity  of  Scotland;  a black  conglomerate  with 
reddish  pebbles  near  tlie  base  of  the  Beekmantown,  seen  in  both  the 
Chand)ersburg  and  the  Mercersburg  quadrangles;  light-colored  fine 
conglomerates  and  oolites  in  the  Chamljersburg  and  Beekmantown 
formations  of  both  quadrangles ; and  layers  of  concentric,  wavy 
Cryptozoon  at  the  base  of  the  Conococheague  near  Falling  Spring 
and  Zentmyer  that  make  “bull’s-eye”  marble  when  polished  parallel 
to  the  lamination.” 

Crushed  stone. — As  in  other  portions  of  the  State  where  the  lime- 
stones of  the  same  age  are  found,  the  Cambro-Ordovician  limestones 
have  been  extensively  worked  for  road  ballast  and  for  concrete  within 
recent  years.  Most  of  the  improved  roads  of  the  counties  pass 
Ihrough  the  limestone  areas  and  consequently  suitable  material  was 
near  at  hand.  With  the  exception  of  the  most  pure  and  the  decidedly 
shaly  limestones  practically  all  the  other  limestones  are  suitable  for 
these  uses.  With  so  wide  a distribution  of  satisfactory  stone  for 
concrete  aud  ballast  it  has  been  possible  to  obtain  good  quarry  sites 
near  the  towns.  The  principal  quarries  for  crushed  stone  are  near 
Waynesboro,  Chambersburg,  Shippensburg,  Isewville,  and  New 
Cumberland. 


In  the  Annual  Keport  of  the  Second  Geological  Survey  of  l*enn- 
sylvania  for  1SS(!,  Part  IV,  pp.  151!)-1522,  d’lnvilliers  gives  descrip- 
tions of  several  limestone  cpiarries  in  Cumberland  and  Franklin 
counties,  most  of  which  have  long  since  been  abandoned. 


au///.S’C.s  of  <_'(niiliro-( ) nlorieidii  liiiirsioncs  of  (' ii iiilx  iid iid  <nul  I'nidli 

lid  (Odd  firs. 


12  3 4.)  <>a  6b 


CaCOa  ' 72.321  S6. 337  SU.17S  r4.3U3  31.74.3  97.321  67.25' 

. L0..391  5.236  . 961  42.694  43.436  1.286  3>0.‘.02 

SiOj  2.310  S.410  S.840  2.100  4.CH10  .9>0  1.7f>0 

.\'-Oa  .6X>  .371  .s06  .‘)41  .222  , .260  .760 

Fo-Oa  : 4.4l'0  ' ___| 

P .047  .013  .030  .013  .013  ■ .003  .OOr 


1.  Liniestoiie  at  Pine  Grove  Furnace. 

2.  Craighead  quarry,  2 miles  north  of  Mt.  Holly. 

Limestone  fi’om  Mine  Ho.  3,  Mont  Alto  Iron  Co.,  Mt.  Alto. 

4.  Limestone  from  3Line  Ho.  4,  Mont  Alto  Iron  Co.,  Mt.  Alto. 

8hiery  quarry,  14  miles  northeast  of  Mont  Alto. 

6.  S.  Z.  Ila>vbecker’s  quarry,  Williamson,  a.  Best  quality  stone,  b.  Poorest  qualit.v  stone. 

All  of  the  above  analyses  are  taken  from  Report  M3  of  the  Second  Geological  Siin-ev  of  Pa. 

pp.  80-81. 


LYCOMING  AND  CLINTON  COUNTIES. 

in  file  southern  part  of  Lycoming  and  Clinton  counties  there  are 
three  tine  examples  of  anticlinal  valleys.  These  are  Mosquito  Valley 
(also  known  as  -Jacks  Hollow  in  Armstrong  Township,  Lycoming 
Coimt3'),  Xippenose  Valley,  mainly  included  within  Lycoming  County 
but  extending  a sliort  distance  into  Clinton  County;  and  Sugar 
^'alley  in  the  extreme  southern  part  of  Clinton  Count}'.  In  addition 
to  these  a portion  of  the  larger  Xittany  Valley  extends  into  Clinton 
County.  ^losquito,  Xippenose,  and  Xittany  valleys  are  in  a straight 
line  and  are  part  of  the  same  anticlinal  fold.  The  axis  itself  is  wavy 
and  the  limestones  were  brnnght  sufficiently  near  the  surface  only 
in  certain  portions  to  permit  thoir  solution  and  the  formation  of 
valleys.  The  U])]iit  wa.s  inncli  gi-eater  in  the  Xittany  Valley  tlian 
in  the  X'ippenose  and  Mosquito  valleys.  Oidy  the  upper  beds  or 
Ordovician  strata  are  exposed  in  tlie  eastern  valleys  hut  a great 
Ihickness  of  ('amlu-ian  beds  is  (‘X])osed  in  XTttany  Valley.  Fi-osu>n 
has  exjtosed  tlo*  ( 'amlii'o-Ordo\  i<-ian  limestones  in  tlu*  c'-nti-nl  poidioiis 
of  all  of  these  valleys.  The  strata  dip  away  from  tlie  ax(‘s  of  the 
folds  and  disa]qiear  l enealli  the  Ordovician  slates  that  torm  a con- 
tinuous liaud  about  the  valleys.  The  slates  iu  turn  dij)  toward  the 
sides  of  the  valleys  and  pass  beueatb  tlie  younger  hard  resistant 
sandstones  that  torm  the  high  liouuding  vall(*y  walls.  The  only 
easy  access  to  these  valleys  is  along  the  streams  that  drain  them  and 
that  have  cut  deep  narrow  traps  in  tlie  enclosing  harriers. 

X^o  railroads  enter  ’Mosquito,  Xippenose,  or  Sugar  valleys.  The 
soil  is  fertile  and  some  excellent  farms  are  to  lie  noted  in  them. 
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Mosquito  Valley. 

Mosquito  Valley  lies  about  3 miles  southwest  of  Williamsport.  It 
is  a symmetrical  oval-shaped  valley,  enclosed  by  mountains  rising 
about  800  to  900  feet  above  the  floor  of  the  valley.  The  limestones  are 
exposed  at  the  surface  over  an  area  about  2 miles  long  and  half  a 
mile  wide.  They  have  been  quarried  in  a few  places  for  local  use. 

In  the  rejtort  on  Lycoming  and  Sullivan  counties  (GG)  of  the 
Second  Geological  Survey  of  renns^dvauia  (]ip.  77-78)  there  is  the 
following  description  of  a black  marble  quarry  formerly  worked. 

“Near  the  east  end  of  iMosquito  valley  a marble  quarry  has  been 
o])ened.  I t yielded  the  fossil  named  Cdlijiiieiie  sciiaria.” 

“The  rock  is  a black  limestone;  ([uarries  out  in  large  blocks  and 
lakes  a handsome  ladish.  It  is  re])orted  however  not  to  stand  ex- 
]H)sui-e,  but  s]dinters  up  on  weathering.  This  would  render  it  useless 
for  any  outside  woik,  but  miglit  still  leave  it  of  value  for  insi(h* 
decorations.” 

“When  the  ([uarry  was  examined  (in  187.'),)  the  works  Avere  in 
Operation;  tlnw  had  1 gangsaw,  ca])acity  1(H)  tiles  per  diem;  these 
tiles  usually  12"  x 12"  x 1":  tlu‘  tiles  going  to  Philadelphia  and  the 
stone  to  Philadel])hia  or  AVashington. 

“All  of  the  marble  is  dark  colored,  vei-y  slightly  fossiliferous,  re- 
gular in  bedding  and  Avorks  easily. 

Surface  bench,  in  small  layers,  1"  to  2"  and  u[)  to  1',  10'  0" 

iMiddle  bench,  in  regular  layers  from  2'  to  1'  thick  20  0 

•Lower  bench,  massive  and  hard,  but  no  stone  from  it 

yet  shipped  G 


Total  3G'  0" 

“The  Ali])  of  these  rocks  is  north  4°  ; the  ([uarry  is  about  on  the 
crc'st  of  the  anticlinal,  and  the  dip  is  simply  the  dying  gently  of  that 
anticlinal  northeastAvarAl.” 

“Of  the  above  30  feet  of  black  marble  much  provetl  shelly  on 
(piarrying,  and  split  into  pieces;  a considerable  part  hoAvever  coming 
out  in  handsome  blocks.” 

“It  is  reported  to  burn  to  an  excellent  Avhite  lime.” 

“There  ai-e  some  curious  soft  and  rotten  layers  of  stone  lying  be.- 
Iween  the  firm  and  hard  marble  layers  thus: 

Hard  marble  1 ' 

Soft  decouq)os(*d  inarble 

Hard  marble  ' 

the  underlying  and  ovei-lying  hard  rocks  being  perfect  anti  unbroken 
so  far  as  traced.” 

This  quarry  Avas  visited  by  the  Avriter  in  1921.  The  excavations 
and  refuse  heaps  ind'cate  that  a considerable  quantity  of  stone  Avas 
taken  from  the  locality.  It  is  said  that  the  stone  acquired  a bad 
reputation  because  of  the  ease  Avith  Avhich  it  disintegrated  on  ex- 
posure to  the  air,  a reputation  that  it  probably  deserves  as  shoAvn  by 
the  pieces  of  rotten  stone  noAv  lying  about  the  quarry  openings.  For 
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iiit<‘i'ior  iis(*,  li()\v(*vi“r,  it  apiu'ais  to  Ik*  satistad oi’V.  A lalile  lop  and 
a earv(‘d  iK‘(l(*stal  seen  in  a homo  in  Dnlaiistown  and  said  to  la*  about 
oO  y(*ai's  old  w orn  in  good  condition  and  \ (*i*y  a tti*acti\  o.  Tlu*  op(*n- 
ings  woiH*  t>n  the  st(*c*p  slo[io  ot  a hill.  It  a]>]K*ai'S  that  (*oiis;d(*rable 
difliculty  was  ex]»(*i-icnc(*d  in  locating  satisfactory  stone  witliout  re- 
moving an  nnnec(*ssa ri ly  larg(*  amount  of  worthh*ss  mat(*rial. 

Nippenose  Valley. 

-Xippenost*  \'all(*y  tying  about  5 mih*s  sontli  of  dersey  IShore  is  10 
to  If  miles  long  and  1!  to  dl  miles  wide*.  It  is  entirely  surrounded 
by  a mountainous  wall  of  sandstone  through  which  the  stream  that 
carries  its  drainaga*  wal(*i-s  into  the  Siis(piehanna  lliv(*r  has  cut  a 
gap. 

d’he  soil  of  tlu*  valU*y,  although  comjui ra t i\ (*ly  thin  in  most  ]daces, 
is  iertilc  and  tlu*re  are  many  line  farms  in  tlu*  r(*giou.  The  limestones 
are  honey-combed  with  subt(*rranean  cav(*rns  and  most  of  the  drain- 
age* is  by  niulei'gronnd  channels.  The  stream  that  carries  tlu*  water 
out  of  tlu*  valley  emerg(*s  only  a short  dist:iuce  from  the  gap.  Sink 
hol(*s  are  numerous  Ihroeighmit  the  valley. 

Ill  a number  of  jilaces  the  linu*stones  have  lieeu  quarried  for  agri- 
cultural lime  and  for  highway  construct  ion.  A black  impure  shaly 
limestone  has  be(*n  (quarried  as  a mim*ral  pigment  at  Mill[)ort  and 
m*ar  Itavidson.  It  is  ground  for  shipni(*nt  at  a mill  located  \\ithin 
the  gap.  This  rock  seems  to  belong  to  tlu*  same  horizon  as  the  black 
marble  of  the  Mosquito  Valley,  d(*scribed  on  an  earlier  page.  In  both 
cases  the  black  stone  is  close  to  the  contact  with  the  overlying  Or- 
dovician black  slates. 

The  most  extensive  (piarrying  op(*ration  in  recent  yi*ars  has  been 
(leveloiK*d  m*ar  tin*  gap.  The  quarry  faci*  is  about  To  feet  high  and 
-fbO  feet  long.  .,\t  llu*  (*xlr(*nu*  \\(*st(*rn  (*nd  the  rock  is  dark  and  sonu*- 
what  argillaceous  but  mor<*  massixu*,  hard(*r  and  purer  in  the  (*astern 
[lortion.  S(*veral  small  caves  hau*  b(*(*n  d'scov(*red  in  the  ]iroc(*ss  of 
quarrying  and  a fairly  largi*  uiuh*rground  str(*am  located.  The  stone 
is  burned  for  agrienltnra I linn*  for  local  use.  small  ([uarry  on  tlu* 
( 'ollomsvilh*  road  lias  be(*n  ’work(*d  for  road  nu*tal.  Tlu*  rock  breaks 
with  a conchoidal  fraetuii*.  At  the  (*astt*rn  edgt*  of  the  village  (d‘ 
Collomsville  a small  (piarry  is  woi-k(*d  to  siqqily  stone  for  d linu* 
kilns.  The  rock  is  gnarly  in  charact(*r. 

In  the  n*port  of  tlu*  F'rst  (!(*ologieal  Surv(*y  of  the  8tat(*-‘  it  is 
stated  that  “at  llixler’s  tavern  in  tlu*  i*ast  (*nd  of  the  valley  there  is 
a so  calhul  ‘marhh*  (juarry',  w hich  affords  a hard  solid  dark-bim* 
linu*stom*,  \aii(*gat(*d  by  thin  v(*ins  and  spi*cks  of  y(*llow  and  sonu*- 
tinu*s  whiti*,  spar,  and  suscejitibh*  of  a good  ]iolish.  Its  diji  is  15°S. 
20°E.  The  same  i*oek  might  Ik*  traced  through  the  valley  m*ai*  its 
((*nt(*r  lim*." 


2tiUigers,  H.  D.,  The  geology  of  reiuisylvania,  Vol.  1,  p.  490,  1858. 
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Platt"*  gives  the  following  description  of  a locality  where  lime- 
stone Avas  formerly  quarried  and  ground  for  agricultural  use. 

“In  the  sonthwest  }>art  of  the  Xippenose  Valley,  just  across  the 
Lycoming  county  line  and  therefore  in  Clinton  connty,  a so-called 
plaster  is  opened  on  the  Joseph  Wilsham  place. 

“The  rock  di])s  to  the  northward  7°  or  8°,  and  in  appearance  is  a 
bluish  limestone,  with  much  calciti*,  and  very  fossiliferous  in  layers. 

"This  rock  has  been  giauind  nj)  and  used  as  a plaster,  and  indeed 
is  now  used  for  that  ])urpose.  it  sells  readily  to  the  county  around, 
in  consderable  (piantities,  at  prices  but  little  below  the  Cayuga  or 
Xova  Scotia  ]daster.  Mr.  iMetzger  and  others  have  a mill  near  the 
quarry. 

"A  s])ecimen  of  the  “plaster”  rock  and  of  the  ground  “plaster”  were 
forwarded  to  the  Laboratory  of  the  Survey,  and  on  analysis  were 
found  to  have  less  than  one  i>er  cent  of  solid)le  sulphate  of  lime. 

( A.  S.  McCreath.j  : 


Silicic  acid 

2.660 

Carbonate  of  lime 

95.071 

Carbonate  of  magnesia 

1.044 

Carbonate  of  magaiiese 

trace 

Phos]diate  of  lime 

trace 

('arl)oiiate  of  iron 

.261 

!Sul])hate  of  lime 

.744 

Organic  matter  and  Avater 

.220 

100.000 

“(ieologically  the  horizon  of  this  so-called  plaster  rock  is  about 
500±  feet  below  the  bottom  of  the  slates  of  III. 

“The  analysis  shoAvs  that  the  rock  is  in  no  sense  a plaster  rock, 
but  simply  a limestone.” 

Sugar  Valley. 

In  the  course  of  the  present  investigation  Sugar  Valley  Avas  not 
visited.  The  folloAving  brief  description  is  taken  from  Eeport  G4 
(jf  th(*  S(  cond  C(‘ological  Sur\ey  of  Pennsylvania. 

“This  beautiful  and  fertile  canoe-shaped  limestone  valley  is  from 
one  to  one  mile  and  tliree-(piarters  Avide  and  about  seventeen  miles 
long. 

“It  is  surrounded  on  all  sides  by  the  mountains  formed  by  the 
outcrop  of  Xo.  — the  Oneida  and  Medina  sandstones.  PetAveen 
these  and  the  limestone  lloor  of  the  valley  is  a band  of  slaty  and 
shaly  measures  (Xo.  Hi  ) forming  the  mountain  flank.  Very  fair 
land*  often  results  from  a disintegration  of  these  ineasures  Avhen  free 
from  the  debris  of  mountain  sandstoiie  Avith  Avhich  they  are  usually 
covered. 

-spiatt,  Fi'imklin,  Tlie  geology  ol  Lycoming  and  Sullivan  Counties:  Pennsylvania  Second 

(leol.  Survey,  Re'pt.  GG,  pp.  80-81,  1880. 

= »Cliance,  H.  M.,  The  getjlogy  of  Clinton  County:  Pennsylvania  Second  Geol.  Survey.  Kept. 
G4,  pp.  3C-38,  1880. 
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“The  aiiticliiKil  wliieli  (‘levales  the  valley-foi-minji'  limestones  of 
Sugar  valley  gently  dies  away  at  holh  rlu- (‘astin-n  and  w(‘stcni  onds  oT 
llie  valley.  The  greatest  thiekiu'ss  of  liniestono  is  rhci-efoi-r  lironglil 
above  water  level  imar  the  centre  of  the  valley." 

“The  drainage  of  Sugar  Valley  is  not  nearly  so  irregular  as  <hat 
of  Vippeiiose  and  Nittany.  Sink-holes  and  underground  water 
courses  are  more  r:tre.  The  whole  valley  is  drained  by  J>ig  Fishing- 
creek  which  rising  at  the  east  end  of  the  valley  flows  westwar<lly 
ihroiigh  its  whole  lengrh,  kee]>ing  near  the  centre  of  the  valhw  and 
linalh"  liows  into  V’ittany  valley  through  the  sharply  cut  and  tortuous 
gap  at  Washington  furnace." 

“About  three  and  a half  miles  from  the  west  end,  u[)on  the  main 
i-oad  itp  the  valley,  a pale  blue  fetid  limestone  occurs,  speckled 
with  yellow  spar  like  the  Aippenose  “marble.”  It  dips  2ll°  ; sandy 
limestone  in  the  creek,  two  miles  further  east  dips  15°  north.  Tin- 
anticlinal  becomes  more  regular  near  the  middle  of  the  valley.  In 
Kleckner's  Gap  the  dip  is  30°  north. 

“The  margin  of  the  limestone  recedes  a little  farther  from  the  foot 
of  the  mountain  east  of  Kleckner’s  Gap.  At  the  furnace  there  is  a 
(piarry  of  massive  strata  dipping  10°  A.  20°  E.,  imu-king  the  decline 
of  the  anticlinal  in  that  direction." 

Nittany  Valley. 

That  portion  of  the  Aittany  \billey  lying  within  Glintou  County  is 
about  12  miles  long  and  4 wide,  nearly  all  of  which  is  underlain  by 
the  Cambro-Ordovician  limestones.  Inasmuch  as  the  Aittany  Valley 
limestones  are  described  somewhat  fully  under  “Centre  County”  it 
is  unnecessary  to  describe  them  in  detail  here.  The  formations  de 
scribed  there  extend  into  Clinton  County. 

The  most  extensive  quarrying  in  the  region  is  by  tin*  llellefonte 
Lime  and  Stone  O'o.  at  Salona,  2 miles  southwest  of  Salona,  where 
crushed  rock  for  highway  construction  and  railroad  ballast  is  pre- 
pared. Two  quarries  have  been  opened  there  and  later  connected  by 
a tunnel.  Sevei-al  types  of  stone  are  exposed  in  the  <piarry.  T1k> 
llellefonte  high  grade  stone  is  present  although  the  major  ]»ortion 
of  the  stone  quarried  is  harder,  darker  in  color  and  less  pure. 


CENTRE  COUNTY. 

The  Cambro-Ordovician  limestones  form  the  surface  rocks  of  ap 
proximately  one-fourth  of  Centre  County  and  underlie  some  of  the 
most  prosperous  agricultural  sections  of  tlu*  State.  Wblhiu  the 
county  very  little  farming  is  done  excejd  in  these  fertile  limestone 
valleys. 

Division  into  formations. 

The  limestoues  of  the  region  have  been  studied  in  detail  by  E.  S. 
■Moore  and  others  who  have  (‘stablished  the  following  formations. 
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Ordovician  System. 

Iteed.sville  (llndsoji  Kivcr  or  Martinslmrg)  sliales 

Feet 

Trenton  limestone.  Highly  fossiliferons  tliin-hedded  lime- 
stone and  black  to  brown  shale 791 

Black  Biver  gronj).  Tliis  gronp  includes  the  Bodman  and 
Lowville  limestones,  which  are  usually  pure,  blue  to 
gray  rocks.  The  Locvville  contains  the  important  ‘hpiar- 

ry  rock”  182 

Chazy  (Carlim  and  Pamelia)  limestom*.  Bluish  lime- 
stone   260 

Beekmantown  series. 

Bellefonte  dolomite'.  Dolomitic  strata  Avith  a tliin  bed  of 

sandstone  1911 

Axemann  limestone.  Bvn-e  fossiliferons  limestone,  dolo- 
mitic limestone,  oolitic  limestone,  and  reddish  limestone 

conglomerate  480 

Nittany  dolomite.  Coarse,  light  to  dark  dolomite  with 

much  chert  in  loAver  portions 1206 

Stonehenge  gi-oup.  Linu'stom*,  ('dgewise  conglomerate', 

lime'steeiie'  e-eengleMuera  1 e'  aiiel  calcareous  shah's  6.‘21 

Cambrian  System. 

Oi'e  Hill  feermation.  Cherty  dolomite  ami  silice'ous  oolite  loO 
Catesburg  formation.  Interbedeleel  deeleemite  and  sand- 
stone   800 

Warrior  formation.  Limestone,  eeblitic  limestone,  anel  beds 

of  shale  688 


Total  7101 

Geologic  Structure. 

The  structure  of  all  the  Cambro-Ordovician  limestone  A’alleys  of 
the'  central  ])art  of  the  State  is  very  much  the  same.  After  the  de- 
])e»sition  of  these  and  overlying  strata  that  outcro])  in  Bald  Eagle 
llemntain  in  the  Alh'ghany  Moimtains  the  Avhole  region  Avas  throAvn 
iiite)  gi'eat  leengitudinal  frdels,  approximately  jearalh'l,  with  a north- 
e'ast-soutliAvest  trend.  Erosion  then  leecame  active  anel  after  many 
theeusanels  of  years  the  ridges  Avere  obliterated  ami  a broad  Ioav- 
lying  ]>lain  resulted  in  Avhich  there  Avas  little  or  no  difference  in 
elevation  based  on  the  character  of  the  rocks. 

A second  uplift  again  started  erosion  and  the  Avearing  aAAmy  of 
the  least  resistant  rocks,  the  limestones,  soon  formed  the  valleys. 
It  so  happens  that  these  limestones  are  the  oldest  rocks  of  the  region 


and  thus  constituted  the  cores  of  the  old  ridges,  or  anticlinal  folds. 
Above  the  centei's  of  these  limestone  vallej's,  where,  conse(inentl\ , 
there  has  been  the  great(‘St  amount  of  material  removed,  it  is  esti- 
mated that  a restoration  of  these  old  folds  would  give  us  mountains 
over  20,000  feet  in  height,  possibly  as  much  as  25,000  to  30,000  feet. 
It  is  improbable  that  such  mountains  ever  did  exist  as  the  ui)lift  was 
a slow  process,  and  erosion  was  wcaudng  down  the  elevated  portions 
simultaneously,  yet  mountains  of  very  considerable  height  must  have 
existed  at  the  close  of  the  folding. 

lly  this  major  structure  that  is  everywhere  prominent,  the  youngest 
limestones  are  found  at  the  edges  of  the  valleys  where  they  dip  be- 
neath the  shales  and  sandstones  tha't  constitute  the  ridges.  In 
general  the  strata  dip  steeply  on  the  northwest  sides  of  the  valleys 
and  more  gently  on  the  southeast  sides,  Avhich  seems  to  indicate  that 
the  compressive  movement  proceeded  from  the  soutlumst  toward  the 
northwest. 

Til  additioTi  to  the  major  structure,  there  are  occasional  subordi- 
nate crumples  or  folds  that  are  roughly  parallel  to  the  main  folds. 
Also  the  strata  have  been  broken  in  places  and  one  side  offset  with 
reference  to  the  other.  Offsets  or  faults  of  this  kind  have  been 
determined  in  several  places.  In  one  place  tin*  displacement  is 
about  a quarter  of  a mile. 

Nittany  Valley,  with  maximum  widHi  of  about  b mih's,  is  the 
most  important  of  these  anticlinal  valleys.  Hriish  Valley  and  Penns 
Valley  produced  l)y  minor  folds  are  off  shoots  of  this  main  valhw. 
Xi])penose  5"alley,  the  larger  portion  of  which  is  in  Lycoming  County, 
althougl'  se]>arated  from  Vittany  Valley  by  more  highly  el(‘vat(‘d 
l>ortions  of  sandstftne  strata,  is  in  line  witli  it  and  constitutes  a 
part  of  the  sanu'  fold.  The  intervening  area  Avas  not  u])lifted  quite 
as  high  so  Avas  nofAvoni  down  in  the  gi-eat  erosion  ])(n'iod  sufficiently 
to  nncoA'ei'  the  limestones.  Sugar  Valley.  Avhich  is  likeAvise  detached 
from  Xittany  Valhw,  has  b(>en  produced  by  the  erosioii  of  limestone 
(devated  Isy  a small  distinct  fold. 

Uses. 

As  indicat('d  in  the  table  on  a ])rec(‘ding  ]>ag(‘,  reiitr«‘  Comity  con 
tains  a gnait  variety  of  linn'stones  ada])t(Ml  to  almost  all  the  uses  to 
Avhich  limestom*s  have  been  ]iut.  Sco]-(*s  of  (piandes  have  been  oimned 
thrfmghout  tin*  county  to  ]irovide  building  material,  mainly  foi- 
foundations.  Avails,  etc.,  for  stone  to  be  burned  for  agricnltnral  I'me, 
for  road  metal  and  concrete,  and  for  flnx.  As  in  otlnm  ]>arts  of  the 
State  local  bmming  of  lime  has  almost  jiassed  aAvay  and  the  small 
kilns  are  in  ruins. 

Idnring  the  period  Avheu  tin*  nnmerons  limoniti'  iron  orc'  mim*s  AV(‘re 
in  active  operation  Lmestones  Avere  ipiarried  extensively  in  the  vici- 
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iiity  of  the  furnaces  for  flux.  These  quarries  Avere  abandoued  Avheu 
the  iron  iudustry  died  and  the  only  ones  that  have  continued  to  fur- 
nish flnx  are  those  that  have  low-silica  stone  and  are  favored  with 
j^ood  shipping  facilities. 

The  increased  demand  for  crushed  stone  for  road  metal  and  con- 
crete has  resulted  iu  the  oi)ening  of  many  quarries  but  in  most  cases 
only  to  supply  rather  local  needs.  Nearly  all  the  limestones  of  the 
county  Avill  meet  the  speciflcations  of  the  State  Highway  Department. 

In  recent  years  the  manufacture  of  liigli  grade  lime  in  the  county 
has  developed  ra])idly.  This  has  been  possible  because  of  the  exis- 
tence of  a band  of  limestone  Avithin  the  LoAvville  member  of  the 
lllack  Kiver  group  that  is  in  many  res]»ects  the  best  limestone  Avithin 
the  State.  Although  it  has  been  recognized  in  adjoining  counties,  it 
jiresents  its  best  pliase  in  the  vicinity  of  Bellefonte,  Avhere  it  also 
seems  to  be  thickest.  It  averages  over  flS  per  cent  CaCOg,  almost  1 
per  cent  MgtXta,  the  balance  SiO^,  ALOg,  and  Fe^Og.  At  Bellefonte 
the  best  stone  is  77  feet  thick  but  it  thins  in  both  d'rections  and  in 
some  places  throughoAit  the  valley  no  stone  of  this  character  has  been 
found  at  this  horizon. 

Belief  oil  te  ledge. — In  the  vicinity  of  Bellefonte  the  best  quarry 
stone  lies  beneath  the  thin,  rather  siliceous,  shaly  beds  of  the  Trenton 
limestone  that  :s  of  little  nse  except  for  road  metal.  The  good  stone, 
commonly  called  the  “Bellefonte  ledge,”  is  a dark  to  light  dove- 
colored  compact  limestone  that  contains  in  s])ots  numerous  Avhite 
calcite  crystals  that  S]»arkle  on  the  freshly  broken  surface.  The 
rock  breaks  Avith  a prominent  couchoidal  fracture.  Just  AAmst  of  the 
Buffalo  Bun  roiid  at  Bellefonte  the  stratum  dii>s  about  52°  to  the 
north  but  at  depth  the  dip  increases  to  (iJ°.  East  of  the  road  it  is 
ai)proximat(dy  vertical  at  one  ])lace.  Beneath  the  Ibdlefonte  ledge 
there  is  60  feet  of  darker  stone  that  is  slightly  higher  in  silica  and  is 
hold  for  furnace  flux  as  it  is  too  impure  for  the  manufacture  of 
chemical  lime.  Beneath  the  furnace  stone  is  a hand  of  blue 
stone  that  is  someAvhat  gnarly  on  a fractured  surface  and  so  im- 
t>ure  that  it  is  valuable  only  for  road  metal  and  concrete. 

At  times  the  demand  is  such  that  all  of  these  bands  can  be  Avorked 
but  there  is  usually  less  demand  for  the  fluxing  stone  and  the  road 
metal.  For  the  latter  use  there  is  keen  competition  as  many  other 
(piarries  can  sup]>ly  this  grade.  The  com])anies  operating  in  the  re- 
gion have  therefore  largely  confined  their  attention  to  the  ledge  of 
1he  best  stone.  The  bnlk  of  firs  is  burned  and  shi]i]Aed  as  hiinp  lime 
oi*  juilverized  raAV  lime  or  is  hydrated  at  the  plant.  Some  of  the  lime- 
stone is  pulverized  raw  for  glass  manufacture  and  for  fertilizing 
purposes. 
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Tlu*  .Viiieriran  Lime  and  iStone  ('o.  ( iio\\’  afiiliat(Ml  A\  itli  the  (diaries 
Warner  ('o.)  operates  ll’  (piarries  in  tliis  hand  in  tlie  vicinity  of 
Uellefonte,  tlie  most  westerly  of  whieli  lies  just  nortli  of  Lriarly. 
The  Chemical  Lime  *'o.  and  the  Center  ('onnty  Lime  Co.  are  ojierating 
properties  in  tin*  same  hand  hetwemi  plants  ol  the  American  Lime  and 
Stone  Co.  Across  the  vallc'y,  ahont  1 mile  southeast  of  I’leasant  (laji, 
an*  the  White  Hock  ([nari-'es  when*  the  high  graih*  stone  dips  toward 
Xittany  iMonntain.  The  ledge*  is  ahont  40  fi*et  tliick  and  is  oyerlain 
hy  ahont  45  feet  of  massive  him*  stone,  also  a i»art  of  the  Hlack  Riv(*r 
group,  that  is  sold  for  tlmv.  This  is  capjied  hy  the  shaly  fossil iferons 
Trenton  lu*ds  that  showed  a thickness  of  5 to  10  feet  at  the  toji  of 
the  qnai-ry  face*  at  the  time  of  our  vis’t. 

The  sn]H*rior  (piality  of  the  B(*llefonte  h*dg(*  mak(*s  it  ]>ossil)h*  to 
work  tin*  beds  ev(*n  at  costs  greatei*  than  ai'i*  ncc(*ssitated  in  ordinary 
(piarry  o])erations.  Theia*  is  a limit  to  which  tin*  open  ent  (inari-y  <'an 


Sect-ion  through 

Section  through  Shaft  and  Stopes 

Crosscuts 


Figure  5.  Plan  of  underground  work,  American  Lime  and 
Stone  Co.,  Bellefonte. 

lie  operat(*d  witii  safety  witli  tin*  overlying  poor  stone  left  stand'ng 
and  this  limit  having  h(*(*n  ahont  ri  ached  tin*  American  Lime  nnd 
Slone  ('o.  has  sunk  a OOU  foot  incliin*  shaft  at  one  of  their  quarries 
and  is  mining  the  stoin*  (sec*  lignre  5i.  4’ln*  slirinkage  stoju*  nn*thod 

is  now  heing  employ(*d.  Xo  donlit  tli(*r(*  wilt  In*  otln*r  operatirms 
(4'  this  kind  in  tin*  fntnn*.  ’ 

Foi-nn*rly  compani(*s  s(*arching  in  tin*  region  foi'  the  I’ellefonte 
h*dg(*  hav(*  not  only  h(*en  concerin*d  with  the  location  of  these  beds 
(d‘  high  grade  stoin*  hut  have  had  to  r(*gard  tln'ir  situation  wAli 


^'»This  operation  ami  al.so  tin*  ])laiit  (.quipiuent  of  tin*  Auu'ricnn  lame  ami  Stone  Co.  at 
llellefontc  are  described  in  detail  in  tlie  issties  of  Hock  Products  for  .June  pp. 

.Tune  IT.  11)22.  pp.  Mar.  24.  11)23,  p.  35.  ami  Sept.  (J . 1024,  pp.  4T-40. 
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reference  to  economical  (inarrying.  In  all  probability  there  can  be 
fonnd  some  place  'where  the  overbnrden  of  clay  is  too  great  for  open 
cat  (piarrying  l>nt  where  nndergronnd  mining  may  be  pursued  with 
profit  if  the  mine  of  the  American  Lime  and  Stone  Co.  proves  as 
snccessfnl  as  :s  anticipated. 

The  Cambria  Steel  Co.  made  man^"  examinations  of  the  lime- 
stones of  Centre  County  a tew  ^x^ars  ago  in  their  endeavor  to  locate 
deposits  of  high  grade  fluxing  stone.  They  finally  acquired  a pro- 
perty a short  distance  south  c)f  llillheim  Avhere  a quarry  has  been 
oi)ened.  Rock  fiami  two  drill  holes  was  analyzed  for  silica  alone,  as 
follows : 


ill  limestone  near  MiWieiin,  Centre  County. 
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Sugar  Valley  was  examined  and  near  tln^  western  end  some  very 
low  silica  limestone  was  found  that  might  be  worked  with  profit  if 
a railroad  entered  the  valley. 

In  tlie  vicinity  of  Spring  Mills,  both  east  and  west  of  the  village, 
IlK're  is  some  fairly  low  s’lica  stone  and  also  about  2 miles  slightly 
iioi'th  of  east  of  Colburn. 

The  Oak  Hall  Linn*  and  Intone  Co.  has  a quai-ry  altout  half  a mile 
northwest  of  Oak  Hall.  Fluxing  stone  is  shi])]ted  to  the  Cambria, 
Carnegie,  and  McKinney  steel  com[>anies,  the  American  Manganese 
Co.,  and  the  Runxsutawney  and  Emporia  iron  companies.  The  flux- 
ing stone  that  is  worked  hs  about  100  feet  thick  and  dips  ahout  45°]^. 
It  is  very  dark  in  color.  It  is  overlain  by  thin-ltedded  shaly  and 
fossiliferous  Trenton  strata  and  underlain  by  a somewhat  lighter- 
colored  siliceoiis  stone  that  has  been  quarried  to  a slight  extent  for 
building  purposes.  The  Rellefonte  ledge  of  high-grade  limestone 
seems  to  be  absent. 
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Shortlidc-e  qniiiTy,  noar  Bellofonte.  Uppor  bed.  Hard  and  compact;;  seamed  -with  calcite : 
pearl  |iray,  -with  conclioidal  fracture.  (’NI.'M.  p.  SOT). 

2.  Shortlidse  quarry,  middle  bod.  Very  hard  and  compact;  ftne  gi'ained ; seamed  Avith  calcite: 
pearl  gray,  Avith  conchoidal  fracture  (MM  p.  307). 

3.  Sliortlidge  quarry,  lower  bed.  Hard  and  compact ; mottled  Avith  calcite ; pearl  gray,  Avitli 
conchoidal  fracture  (MM  p.  307). 

4.  White  Boch  quarries,  1 mile  soutlieast  of  Plea.sant  Gap.  a,  b,  and  c,  high  grade  stone- 
for  lime ; d,  tliixing  stone.  Analyses  b.v  Company. 

Sam])l(-s  r<j><ulsid(‘  •-‘Xpc^ure  al  * ul  2 ii-iP-s  i < rth  of  cast  of  Colliurn.  3 samples  analyzed, 

a.  range,  b.  aA’erage.  Analyzed  by  Cambria  Steel  Co. 

0.  Samples  collected  at  random  at  Spring  Mills  and  both  east  and  AA’ost  of  there,  exact  loca- 
lioii  not  knoAvii.  14  samples  analyzed.  a,  lainge ; b.  uA’crage.  Analyzed  by  H.  A.  I-Tosmeiv 
Caiiibria  Steel  Co. 


BLAIR  AND  HUNTINGDON  COUNTIES. 

Tlie  limestone  belt  ol'  (bmtre  County  eontinnes  to  the  southwest 
into  Jlnutingdoii  and  lUaii-  counties  with  little  change  in  charactei-. 

The  part  that  lies  northeast  of  Little  -Inniata  Kiver  forms  part  of 
the  Xittany  A'allev.  South  of  this  sli'eam  the  limestone  belt  forks. 
The  western  fork  terminates  about  10  miles  to  the  southwest  and 
is  called  Sinking  A’alley.  Tlie  eastej-n  fork  extends  in  a parallel 
direction  through  Hiuitingdou  and  Blair  counties  into  Bedford 
County.  This  limestone  yailey  north  of  AVilliamsbnrg  is  designated 
Cjinoe  A’a-lley  and  the  sontli  (“Xtension.  Alorrison  Cnve.  Tin*  narrn\\' 
Black  Log  A'alley  containing  Camhro-Ordoyician  limestones  lies 
southeast  of  (Orbisonia,  between  Black  Log  and  Shade  mountains, 
and  extends  northeast  a short  distance  into  -Inniata  Conniy.  Sey- 
(*ral  yalleys  underlain  by  JTebhuberg  limestones  will  be  described 
in  a later  chapter. 

As  in  Centre  County  the  limestones  occupy  anticlinal  yalleys. 
that  is,  they  mark  the  position  of  ridges  long  since  reimu’ed  by 
erosion.  The  sharp  mountain  ridges  that  now  enclose  the  present 
yalleys  owe  their  gi-eater  altitude  sidely  to  the  more  resistant  rocks 
that  compose  them. 
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Division  into  Formations 

Until  recently  the  Cainbro-Ordoviciau  rocks  of  this  section  were 
not  differentiated  into  separate  formations.  Charles  Untts  has  pro- 
posed the  folloAving  classification.®^ 

Ordovician  System. 

Ifi'edsville  ( ilartinshiu'g.  Hudson  Kivcn-)  shah*  overlies  llu^  limestones. 

Feet 

Trenton  limestone.  Thin-l)edded  black  limestones  weath- 
ering with  a gray  film  on  surface.  Sparsely  fossiliferous  320 
Hodman  limestone.  Dark  crystalline  limestone  weather- 
ing with  a rough  granulated  surface;  very  character- 
istic and  persistent.  Fossiliferous.  Upper  Black  Biver 


Group 30 

Lowville  limestone.  Dark,  thick-bedded,  pure  limestone, 
glass}’  to  fine-grained.  Extensively  quarried  for  flux. 

Lower  Black  River  Group  180 


Carlim  limestomc  Dark  tine-grained  limestone,  extensive- 


ly quarried  for  flux.  Fossils  scarce  except  in  impure 
Lemont  argillaceous  limestone  member.  Lemont  mem- 
ber not  quarried  180 

Bellefonte  dolomite.  Thick-bedded  dolomite  yielding  much 

dense  chert.  Fossils  scarce  1,000 

Axemann  limestone.  Tliin-I)rdded  blue  limestone  with 

dolomite  layers.  Fossils  100 

Xittany  dolomite.  Thick-bedded,  clnudy  dolomite.  Fos- 
sils but  not  abundant  1,000 


Cambrian  System. 

Larke  dolomite.  Thick-bedded,  coarse,  steel}  blue  dolo- 


mite   250 

Mines  dolomite.  Cherty  dolomite,  oolitic,  yields  imicli 
oolitic  and  platy  scoriaccous  chert.  Cryptozoon,  2 
species  common  250 


Uatosburg  formation.  Thick-1  edded,  steely  Idue,  coarsely 
crystalline  dolomite  with  many  interbedded  quartzite 
layers  up  to  10  feet  thick,  surface  deeply  covered  with 
sand  and  strewn  with  quartzite  boulders.  Consider- 
able siliceous  oolite.  Ore  Hill  limestone  member,  thin- 
l)edded,  blue  limestone;  several  species  of  trilobites. 

Stacy  dolomite  member  coarse,  thick -bedded,  steely  blue, 
but  without  quartzite  1,750 


3iButts,  Charles,  Geologic  section  of  Blair  and  Himtingdon  Counties,  centiul  Pennsj'lvania : 
.\mer.  Jour.  Sci.,  4th  .ser. , vol.  46,  pp.  52,"-537,  1918. 


]55 


< ’ambriaii  System — ( 'oiitiiiued. 

\\’an'i(a-  lina‘st(»iie.  'lliirk  and  t hin-lietlded,  blue  lime 
stone  witli  thin  siliceous  shaly  layers  or  partings.  A 
I'env  thin  quartzite  layers  and  an  occasional  bed  of  lime- 
stone full  of  large  well-rounded  quartz  grains.  Some 
oolite.  Cnjptozoon  common.  Several  species  of  trilo 

bites  -oil 

Pleasant  Hill  limestone.  Thick-bedded  limestone  at  top, 
fossils.  Argillaceous  tliiu-bedded  limestone  at  bottom 

weathering  to  shale  bUO 

tVaynesboro  formation.  Sandstone,  conglomerate,  and 

red  and  greenish  shale.  Underlies  the  basal  limestones  Ibbb-f 

In  the  classification  ilutts  correlates  the  llellefonte  dolomite,  Axe- 
mann  limestone,  and  Xittany  dolomite  with  the  Heekmantown  forma- 
tion. He  also  places  the  Larke  dolomite,  the  Mines  dolomite,  and 
the  Gatesburg  formation  in  the  (Izarkian  system,  a usage  that  is 
not  followed  in  this  report. 


Quarries. 

In  lllair  and  IJuutingdou  counties  the  Cambro-Urdovician  lime- 
stones have  been  quarried  in  a small  way  in  scores,  perhaps  hun- 
dreds, of  places.  For  building  foundations,  for  crushed  stone,  and 
for  agricultural  lime  for  local  consumption  almost  any  of  the  lime- 
stones described  above  might  be  used;  indeed  have  been  used.  In 
the  past  when  numerous  small  furnaces  in  the  region  were  utilizing 
local  ores  little  attention  was  given  to  the  auiount  of  silica  present 
in  the  limestones;  the  proximity  of  the  quarry  to  the  furnace  was 
more  important,  and  soiue  rather  high  silica  limcsi(»ncs  wm-e  used 
for  tlux. 

The  improvement  in  transportation  facilities,  the  centralization  of 
the  iron  and  steel  industiy  of  the  State  in  a tew  places  where  large 
plants  have  been  (-stalilished.  and  likewis(*  the  change  in  the  lime 
industiy  by  which  the  small  o])erators  have  quit  and  firms  with 
superior  stone  have  enlarged  their  plants,  have  caused  the  abandon 
ment  of  most  of  the  small  quarries  and  the  development  of  a smaller 
number  of  large  operations  engaged  in  quarrying  high  grade  lime 
stones  for  flux  and  for  lime.  Opposed  to  this  trend  is  the  endeavor 
of  the  State  Highway  Department  to  use  local  stone  so  far  as  pos 
sible  in  building  roads.  This  causes  the  oi)ening  of  small  local 
quarries  for  temporary  \ise.  In  general,  however,  road  metal  and 
cnished  stone  for  concrete  are  likewise  obtained  from  the  large 
quarries  mainly  worked  for  flux  and  for  lime,  as  the  small  sizes 
]iroduced  in  quarrying  and  crushing  are  useless  for  these  purposes 


lUid  can  only  be  sold  for  crushed  stone.  Is^ecessarily  the  cost  of 
operation  is  also  less  in  a large,  well-equipped  quarry  so  that  the 
small  quarry  can  compete  only  where  it  is  so  located  with  respect 
to  the  road  under  construction  that  a long  and  expensive  haul  is 
obviated. 

A study  of  the  classih(‘ation  table  (]tages  l.")4-f.~).5 ) readily  shows 
I hat  the  best  gi-ade  stones  are  found  in  the  upper  jiart  of  the  column. 
Practically  every  large  operation  confines  its  quarrying  to  these 
strata  above  the  Bellefonte  dolomite. 

The  anticlinal  structure  thus  brings  the  stone  of  good  quality  at 
the  sides  of  the  valleys  where  the  strata  dip  beneath  the  shales  and 
sandstones  of  the  ridges.  The  only  exceptions  to  this  rule  are  where 
Ihe  strata  have  been  broken  and  displaced  by  a fault  or  where  a sub- 
oi-dinate  syncline  (downward  fold  ) brings  the  upper  beds  down  in  the 
center  of  the  valley.  An  example  of  this  latter  type  of  structure  is 
seen  in  the  quarry  at  Union  Furnace  in  the  Little  Juniata  River 
Valley  where  the  ui>per  limestone  beds  are  present  about  midway 
of  the  broad  limestone  valley  through  which  the  stream  has  cut  its 
course. 

Tyrone. — About  two  miles  east  of  Tyrone,  on  the  southeast  flank 
of  Bald  Eagle  Mountain  there  are  two  quarries  Avhere  the  Rodman, 
Lowville,  and  Carlim  limestcmes  have  been  worked.  One  of  these  is 
Ihe  Tyrom*  Foi-ge  (piany  of  the  American  Lime  and  Stone  Co.,  and 
I lie  other  is  o]ierated  by  the  Pittsburgh  Limestone  Co.  on  ))roperty 
i(*ased  fi-om  the  former  conqiany.  In  the  former  ipiarry  the  strata,  are 
slightly  overturned  and  diji  from  85°  to  S7°S.E.  The  quarry  opening 
is  nan-ow  and  the  west  face  is  formed  liy  the  Trenton  limestones  that 
make  a sheer  wall  about  KiO  feet  high.  The  company  uses  the  largm- 
blocks  for  the  manufacture  of  agricultural  and  chemical  lime  and 
sells  the  sjialls  for  flux.  The  other  quarry  is  Avorked  jirimarily  for 
flux.  The  high  grade  limestone  ledge  (Bellefonte  ledge)  so  extensively 
ipia cried  at  tin*  same  horizon  near  Bellefonte  can  be  recognized  in 
these  (piarries  but  it  is  thinner  and  the  stone  is  also  someAvhat  less 
pure.  A fault  i-u  the  ('arlim  limestone  and  the  character  of  the  sheer 
Avail  are  shown  in  the  acconqianying  photographs  (Plate  X). 

At  Birmingham  the  Cambria  Steel  Co.  o]>erated  a quarry  from 
1893  to  1895  and  sfii]i])ed  large  quantities  of  fluxing  stone.  The 
quarry  Avas  finally  abandoned  liecause  of  the  high  silica.  iV^nalyses 
ai-e  givcui  on  a lat(>r  ]iag(“. 

Union  Fnrn  cc. — At  I'nion  Furnace  the  American  Lime  and  Stone 
Co.  o])ei‘ates  3 (piarries.  The  beds  exposed  in  the  vicinity  form  a 
syncline.  (Quarries  1 and  2 are  Avorking  the  upper  strata — Rodman, 
Lowville,  and  Carlim — and  quarry  Xo.  3 is  opened  in  the  underlying 
BeekmantOAvn.  j 


PLATE  X. 


A.  Sheer  wall  and  Carlim  limestone,  Elk  Run  quarry. 


B.  Fault  in  Carlim  limestone,  Elk  Run  quarry. 


PLATE  XI. 
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quarry, 


Figure  6.  Diagram  showing  relation  of  limestone  beds  and  samples  for  analysis,  American  Lime  & Stone  Co.  quarries, 

Union  Furnace,  Huntingdon  County. 
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]^os.  1 and  2 furnish  stone  for  lime  and  for  liux  mainly  although 
some  interbedded  strata  are  high  in  silica  and  valuable  only  for  con- 
ci'ete  or  ballast.  Tlie  stone  averages  less  than  3 per  cent  SiOa-  The 
lime  made  is  used  for  agricultural  purposes.  The  llellefonte  ledge  is 
l>r(‘se-nt  in  the  quarry  and.  if  worked  by  itself,  would  yield  a chemical 
1 me.  Tin'  stone  from  (pia n-y  Xo.  3 is  too  impure  to  be  satisfactory 
<“ither  for  lime  or  liu.x  and  is  workcal  sohdy  for  crushed  stone. 

The  large  (puu-ries  of  the  American  Lime  and  Stone  Company  at 
vSch(Kud)erger  and  Union  Furnace,  Huntingdon  County,  were  sur- 
veyed and  sanqded  under  the  direction  of  J.  T.  Schlegel,  general 
su])erintendent,  'n  December,  IblT,  and  February,  1919.  The  dip  of 
Ihe  beds  iii  (piarry  Xo.  1 is  79°  W.  and  in  quarries  Xos.  2 and  3,  40- 
45°  E.  (Quarrying  faces  range  u]>  to  150  feet  high.  Figure  6 shoAVS 
lh(‘  iclation  of  tlu'  IkuIs  sami)!ed,  and  the  synclinal  structure. 

The  folloAving  tables  shoAv  the  thickness  and  composition  of  the 
different  beds: 


.D/u/y/.s-r-.s  of  iiihro-Ordoririaii  limestone  in  A)ncriran  Limed-  ^tone 
Vo.  <jn<(ri  y A'o.  7,  Union  Furnace,  U n)ifi)i(fdon  County. 

[At.  At.  Alon-i.s.  .7r.,  ;uinlyst.l 


Siimi)Ie 

No. 

1 

2 

3 

4 ! 

5 

0 

7 

8 

9 

10 

OllOO;. 

94.  vn 

92:. 

90-.no 

C8.88 

8,“..  72 

78  TO 

(i1 .72 

90.98 

90.80 

79.75 

MkCOs  - 

2.69 

1.75 

1.41 

5.79 

3.10 

9.38 

28.44 

4.76 

4.76 

5.515 

SiO= 

2.5i 

5.10 

8.00 

24.24 

10.48 

11.90 

8.80 

4.06 

.3.90 

1.3.20 

mos  — 

O.rA 

0.76 

0.50 

1 .14 

O'.  70 

0.C2 

1.04 

0.50 

0.54 

1.50 

Ft.  lll’ck 

20: 

28 

89 

1.5 

12 

13 

12 

42 

24 

54 

Sample 

No. 

11 

i 

12 

13 

14 

15 

16 

17 

18 

19  ■ 

OaCOs  -- 

81.14 

60.. 30 

70.92 

93.98 

96.14 

91.44 

90.93 

81.28 

86.36 

MeCOs  - 

4.50 

26.20 

12.00 

2.78 

2.40 

4.14 

2.. 57 

3.68 

5.00 

SK)2  

13.50 

ft\80  1 

14.28 

3.00 

1.20 

4.00 

5.86 

13.72 

8.00 

R2O3 

0.80 

' 0.70 

1 .28 

0.24 

0.20 

0.42 

0.64 

1 .”2 

0.64 

Ft. 

24 

12  ' 

30 

80 

80' 

00 

45 

27 

40 

.\nalyses  of  (Unnhi‘o-( h'iloricia n 1 i mes^one  >n  American  Lime  tt  Ftone 
Vo.  (taarry  So.  2.  Union  Furnace,  H a ntinydon  County. 


I At.  At.  Afori'is.  .Tf.,  auni’-.st.  l 


Sample 

No. 

1 

2 

Q 

4 

5' 

6 

7 

8 

9 

- 

oi.fiO'  . 

86.74 

93.60 

90.42 

89.66 

91.18 

64.77 

76.45 

91.70 

MgCOs  . 

2.37  j 

8.38 

. 00 

2.78 

7.82' 

4.92 

10.33 

7.81 

3.96 

,Si()2  

5.20 

4.36 

2.50 

6.24 

2.20 

3.50 

23.54 

14.20 

3.94 

R-0.1  ___ 

0.68 

0.52 

0.30 

0.50 

0.32 

0.40 

1..36 

1 .54 

0.40 

Ft.  thick 

30 

45 

50i 

75 

30 

20 

28 

18 

10 

Sample 

No. 

10 

11 

12 

13 

Oaro-^  __  - - 

93.45 

8S.20 

77.47 

59.05 

McOOs  - - 

3.85 

7.08 

12.99 

25.65 

3.40 

8.50 

8.94  ' 

14.20 

RoOq  - - - - 

o..qo 

1.16 

0.60 

1.10 

Ft.  thick  - 

10 

24 

12 

18 

IGl 


A iia  I i/.^c,s  of  ('ll  III  hroA)  rdoriciaii  I i in  ('.stiiiic  in  A nirrica  n Lime  A Slone 
Co.  qnarri/  A'li.  J,  Schoenberi/er,  Pa. 

[M.  M.  Moi'i'is,  Jr.,  anal.vst.] 


Sample 

Xo. 

1 

2 

3 

4 

5 

6 

CaCOa  

MgC03  ■ 

51.58 

' 42.76  i 

5.3.21 

10.43 

!54.97 

40.87 

3.76 

54.22  ; 
40.68  ; 

50.32 

36.38 

54.47 

40.28 

4.96  ' 

5.80 

4.70  ^ 

12.70 

4.70 

0.70 

0.56 

0.40 

0.40 

O.GO 

0.55 

50 

Ft.  thick  

i 30 

1 

15 

15 

24 

8 

Tlie  same  beds  uutci-oii  just  west  of  ^^blter  [Street,  ^samples  were 
collected  here  and  analyzed.  The  extreme  ranges  as  shown  in  the 
table  on  a later  page  probably  are  explained  l)y  some  samples  being 
taken  from  tlie  underlying  T.eekmantown  strata. 

W'illia nopjttnj. — In  the  \ icinily  of  ’tVilliamsburg  a munl)cr  of  large 
(jnarries  have  l»een  ojxmcd  and  are  using  the  ujtper  Ordovician 
limestones.  At  Hbiirtonr,  tlie  Blair  Limestone  Co.  is  qnarring  lime- 
stone beds  about  500  feet  thick.  The  strata  di])  about  45°  to  the 
(•ast  toward  the  river.  This  comjiany  has  three  quarries  in  the 
.same  beds,  and  their  jiroperty  extends  along  the  strike  for  about 
•one  mile.  A 28-foot  band  of  Idack  high-silica  rock  near  the  liase 
is  suitable  only  for  crushed  stone.  All  the  otlier  is  sold  for  flux 
and  averages  between  3 and  5 per  cent  silica. 

At  Carlim,  the  -Juniata  Limestone  Co.  has  a miinber  of  openings 
extending  for  almost  a mile  along  the  west  baidi  of  the  Frankstowm 
Branch  of  Juniata  River.  The  structure  oliserved  in  the  various 
places  is  extremely  complex.  Toward  the  north  the  beds  dip  east 
about  45°,  but  soutlnvard  the  dip  :s  from  75°  to  90°  eastAvard  and  in 
several  places  the  dip  is  north.  There  has  been  a large  amount  of 
close  folding  and  faulting  and  there  are  many  calcite  veins  running 
through  the  stone.  A number  of  layers  contain  too  much  silica  for 
fluxing  stone.  The  quarries  were  opened  to  supply  fluxing  material 
for  the  Cambria  Steel  Co.  and  up  to  1920  furnished  a large  quantity 
of  stone  Avith  a silica  content  from  3 to  5 per  cent.  The  poor  stone 
has  either  lieen  left  or  Avas  quarried  and  crushed  for  ballast  and  con- 
crete. 

About  2 miles  southeast  of  A illiamsburg  the  I’ittsburgh  Limestone 
Co.  has  several  quarries  along  Clover  Creek  and  the  Blair  Limestone 
Co.  also  formerly  operated  several  quarries  along  the  same  creek. 
The  operating  quarries  are  mainly  along  the  Avest  side  of  the  creek 
but  at  the  extreme  south  end  of  the  property  there  is  a large  opening 
in  good  stone  on  the  east  side  of  the  creek.  This  one  is  being  Avorked 
beloAv  the  level  of  Clover  Creek  Avith  a face  almost  200  feet  high.  In 

11m 


all  tlie  qiiarries  tlie  strata  diji  east  toward  Tussej  Mouiitaiii  but  at 
different  angles.  Tow’ard  the  north  the  dip  averages  about  45°  but 
southward  some  of  the  beds  have  dips  of  5°  to  15°E.  There  are  about 
450  feet  of  (piarrying  stone  between  the  overlying  Trenton  and  the 
underlying  Ijellefonte  dolomite,  a thickness  somewhat  greater  than 
Hutts  gives  for  the  combined  thickness  of  the  Rodman,  Lowville,  and 
Caivlim.  All  of  this  is  used  for  flux  exce])t  about  40  to  40  feet  of  sandy 
siliceous  to  slat}'  stone  that  is  left  in  the  (piarry  where  practicable. 
The  best  stone,  the  LoAvville,  lies  above  the  poor  stone.  The  faces 
of  the  west  (juarries  are  :ibout  100  feet  high.  The  most  eusily  access- 
ible stone  of  this  horizon  is  i-a])idly  being  exhausted. 

Un  the  o])posite  side  of  the  valle}'  at  Ganister,  miles  northwest 
of  Williamsburg  the  same  strata  worked  in  the  east  side  of  the  valley 
have  likewise  been  extensively  quarried.  On  the  north  side  of  the 
river  is  the  St.  Clair  Limestone  Co.  (piarry,  and  across  the  river  to 
the  southwest  are  the  hT'anklin  hhirge  ([uarry  of  the  Pittsburgh 
Limestone  Co.,  the  quarry  of  the  Americau  Steel  and  Wire  Co.,  and 
the  quarry  of  the  McKinney  Steel  Co.  All  of  these  are  worked  for 
fluxing  stone,  and  all  have  the  same  dO  to  40  feet  of  siliceous  rock 
between  the  two  belts  of  good  stone.  The  upper  band  contains  the 
better  stone.  The  beds  di]>  about  (i()°W.  In  the  Franklin  Forge 
(juarry  the  two  bands  have  been  opened  separately  and  a tunnel  run 
through  the  ])oor  rock  to  connect  the  two  quarries.  At  the  St.  Clair 
quarry  the  lower  band  of  fluxing  stone  has  not  been  opened  yet.  All 
of  these  (}uarries  have  passed  their  zenith. 

Southward  there  is  undoubtedly  a large  amount  of  good  fluxing 
stone  on  either  side  of  this  valley  but  up  to  the  present  it  has  not 
been  profitable  to  open  any  shi]>]dng  ipiarries  excaqit  in  the  vicinity 
of  the  railroad  lines.  The  local  demand  is  too  small  to  result  in  much 
(piarrying. 


Orhifumi  ■. — In  Black  Log  Valley  in  the  southeast  part  of  Hunt- 
ingdon County,  at  the  Grove  (piarry,  14  miles  southeast  of  Orbisonia, 
there  is  some  fair  fluxing  stone  that  was  formerly  used  in  the  Or- 
bisonia furnace.  The  lack  of  a railroad  spur  prevents  this  from 
being  utilized.  Analyses  are  given  in  the  table. 

In  general  one  may  say  that  an  abundance  of  good  limestone  for 
flux,  for  agricultural  lime  and  in  a few  places  for  chemical  lime, 
outcro])s near  the  margins  of  the  Camliro-Ordovician  limestone  valleys 
of  Huntingdon  and  Blair  counties,  and  elsewhere  siliceous  dolomites 
that  are  suitable  for  crushed  stone  and  for  rough  building. 


Aiitili/ses  of  (Ui  ii/l>i(oOnlorici(i  II  I i inr'iloiir.s  of  Uliiir  ('oaiitij. 


la. 

lb. 

2a. 

2b. 

3. 

4. 

6. 

CaCIbi 

Si()2 

d-2.li:. 
4 . 2:^ 

S.-I..S0  to  91.03 
3.30  to  ,‘>.S7 
3.:30  to  4.00 
11.10  to  L.'ic 

90.40 

4.00 

4.02 

0.47 

53.870 

41.320 

48.1.30 
37. 670 

94.984 
3.86  i 

6720.1 

Ai:;0;j]  

1.190 

" 2.850 

FcgO.-!) 

O-i:.  to  o.so 

0.4.5 

I'm 'll:,)  

\ . 

S 

1 .(iS'J 

.04.5 

.013 

2,!;10 

.463 

.010 

KI.3.S0 

0. 0.5.3 
0.011 
0.910 

rnsohifilc 

;J.(120 

6. 

7. 

8. 

9. 

CaC'O:]  

78.186 

78.170 

91.892 

.54.571 

Jigrtb;  

17., 510 

10.746 

2.815 

44.184 

Sin- 

.\l  ■((;../ 

Fei;0:!( 

1.126 

1 .850 

0.040 

0.234 

s 

(,.()S.5 

0.119 

o.no7 

0.602 

p 

().(I15 

0.029 

0.1122 

0.003 

Insoluble  _ . _ 

3.210 

8.570 

4 . 3S0 

1.330 

\ mil  ifsrs  of  ( 'll  III  hro< ' riloririini  rniirxloiiis  of  H initiiiijiloii  ('oiiiili/. 


10a. 

lOb. 

lia. 

lib. 

C:‘cCOn  ...  — . ---  - - - - - 

.50.. 37  to  PG.07 

78.11 

50.82  to  91.21 

81.71 

MgOOa  

1.47  to  30.41 

14.51 

2.13  tn  27.ro 

n . 01 

SO)..  

1.00  to  9.70 

4.30 

1.78  to  10. SO 

3.88 

AbjOal 

Fc’rU;;)  . 

0.5S  to  3.40 

2.13 

0..5!  to  3.80 

i.;o 

0.02  to  0.27 

0.00 

0.6,3  to  0..32 

0.115 

P 

0.004  to  0.024 

0.030 

0.006  to  0.023 

0.010 

1.  T'Vd  limestone  qniitries  Tiear  Itvi'one.  a.  Hni  rl  and  oompaot : mottled  with  caleitn;  light 
hlnish  gray.  li.  liTcgulm'ly  seamed  and  mottled  willi  oaliite : hard  and  comiiaet ; dark  gray; 
with  e nchoidal  I'raeinre.  ( reiiiis:vlrapia  f’.'ee.  (;e(l.  fnio..  1\1M.  ii.  oOli). 

2.  Biniiiiigliam  qiiarrt  of  Cambria^  Steel  Co.  a,  Itange  of  many  weekly  ayerages.  b,  Tj^iical 
nao'kly  average.  Analyzed  by  Cambria  Steel  Co. 

h.  KeP'stone  7im-  Co’s,  limestone.  Xeor  !tir'"in,aha C'Oii'domeral('-lii;(.;  irregnlarl’\'  seamed 
with  white  crystalline  carbonate  of  lime;  color,  various  shades  of  gray  and  bluish  gray 
(M.M  p.  yOT). 

1.  Boric  property  limestone.  About  (1  miles  sc  utliwcst  of  Birmingham.  IVall  rock  at  deep 
slial't.  Hard,  compact;  minutely  crystalline,  bluish  gra;c . (IMM.  p.  .107). 

Tdt.  Htna  Furnace  c|uarry.  miles  north  cjf  Williamsburg.  Irregularly  seamed  with 

caleite ; dark  bluish  gray,  with  conchoidal  fracture.  (,MJI.  p.  lOli). 

0.  Springlield  Furnace  quarry.  5 miles  southwest  of  Williamsburg.  Irregularly  seamed  with 
thin  veins  of  white  crystalline  carbonate  of  lime;  generally  vei-y  hard  and"  tough;  dark 
blue.  (JIM.  p.  300). 

7.  Bodman  Furnace  ciuarry  No.  1.  South  of  Ibiaring  Spring.  Fine  grained;  scanned  Avltli 
caleite;  brittle;  bluish  gray.  (MJI.  p.  300). 

S Itodinan  Furnace  cmariy  Xo.  2.  South  c,i  Itcmi-ii  " Sjcrii  e.  Coarse  graincl;  .siKirkln.g  with 
caleite;  bluish  gray,  with  rough  irregular  fracture.  (JI.M.  p.  300). 

0.  Itoc'nnn  Furnace  tjn-'rry.  South  of  Roaring  Sprii  g.  On  raib-oad  south  of  Roaring  Spring, 
near  Rodman  furnace.  Fine  grained;  very  hard;  pearl  gray.  (MJI.  p.  300). 

10.  Myerly  larm  .iu..,t  west  of  Water  Street,  a.  Uccuga  of  31  samples;  h.  Averag,'  of  31  samples. 
.\nalyzeci  by  Cambria  Steel  Co. 

11.  Grove  quarry  in  Black  Log  Valley,  II  mile  scail beast  of  IJrbisonia.  Analyzed  by  Cambria 
Steel  Co. 
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BEDFORD  COUNTY. 

Tlie  south  end  of  Morrison  Cove  extends  into  the  northern  part  of 
Bedford  County  nbout  10  miles.  It  is  about  5 miles  wide  and  is 
almost  continuous  with  another  valley  about  16  miles  long  and  3 
miles  Avide.  All  of  the  outcropping  Cambro-Ordoviciau  limestones 
of  Bedford  County  are  contaiiied  in  these  two  valleys.  The  geologists 
of  the  Second  Geological  Survey  of  rennsylvania  found  that  both 
of  these  valleys  have  two  anticlines  instead  of  the  normal  single 
one  that  is  observed  i]i  most  of  the  limestone  valleys  of  the  central 
part  of  the  State. 

Uses. 

The  limestones  of  this  county  are  similar  to  those  of  Blair  and 
Huntingdon  counties  but  as  yet  they  have  been  less  carefully  studied. 
The  principal  use  for  these  limestones  has  been  for  agricultural  lime. 

The  only  quarry  in  the  Cambro-Ordoviciau  limestone  in  Bedford 
County  seexi  by  the  Avi-iter  is  that  of  the  Joseph  B.  Thropp  Iron 
Company  at  Ashcom,  2 miles  west  of  Mverelt  on  the  south  bank  of 
Juniata  Biver.  This  (juarry  has  furnished  Ilux  for  the  iron  furnaces 
at  EAUuadt  for  manv  years.  The  limestone  is  dark  blue  to  black,  mas- 
sive. knotty,  and  weathers  lo  a bluish  gray.  Calcite  veins  are  com- 
mon on  the  joint  jJanes  and  sli])ping  along  bedding  planes  is  marked. 
The  l)eds  strike  X.  35°  E.  and  dip  E.  45°.  The  quarry  is  900 
feet  long,  150  feet  wide,  and  75  feet  dee]).  It  is  connected  by  gravity 
t]-am  with  tlie  crusher  on  the  railroad  about  1,000  feet  north  of 
the  entrance  to  the  (juarry.  In  1924  the  State  Highway  I)e])artnient 
o]»erated  the  quarry  foi-  I'oad  metal.  A pit  has  been  sunk  45  feet  in 
The  door  of  the  old  (juarry,  and  the  rock  is  broken  by  blasting  in 
(i-inch  holes  drilled  51  feet  dee])  about  15  fec't  back  of  the  face.  The 
bi-okcm  rock  is  loaded  with  a Bucyrus  shovel  in  iram  cars  that 
leave  the  ])it  through  a tunnel  that  connects  Avith  the  gravity  in- 
cliTie.  The  rock  is  crushed  in  an  Austin  gyratory  No.  8 crusher  and 
dry  screened  to  three  sizes. 

The  strata  Avorked  seem  to  include  some  of  the  Trenton  but 
mainty  the  Black  Biver  grou])  of  limestones.  The  section  ex])osed  in 
ihe  operating  quarry  folloAvs: 


Sectio)!-  in  Joseph  E.  Thropp  qmtrnj,  Ashcom.  Feet 

Hark  blue  more  or  less  gnarly  limestone 45 

Com])act  blue  liinestone  breaking  AAuth  a eonchoidal  glassy 

fracture,  good  (juality  stone  10 

Dark  blue  gnarly  rock  Avith  shale  partings  12 

Blue  thiu-bedded  limestones  20 

Dark  blue  gnarly  rock,  ripple  marked 6 

Light  blue  (calico)  dense  rock,  breaks  Avith  glassy  eonchoidal 

fracture,  contains  numerous  caves  in  places 30 

Dark  blue  rock,  rather  highly  siliceous  8 

Dark  blue  rock  less  siliceous  than  overlying  beds  10 

Dark  blue  com])act  stone,  good  quality  20 

8andy  limestoTie  blotched  Avith  limouite  on  Aveathered  surface 


Aiidli/i^es  o1  (Ui iiihroOnloriciini  I i incstoiirs  ai  Hrilford  (Aniiilii. 


1231  oa  oh  G 


C'iiCOs  

C9.1U7 

93.014 

90.837 

S5.s')2 

01.75  to  91.0.5 

5!  .G‘'l 

AIgCO,-i  

.siOg  ..  

23.1I51 

3.329 

3.210 

10.637 

3. DC  to  27.S.5 
2. '-'A  to  1.70 
G.7G  to  2.1U 

• 

] 5 . -!3 
3.77 
1.-13 

4C.O::2 

AlL’Oa  1 

Fi'  -Us  . , _) 

0..'42 

0.394 

0.3WJ 

0.4U) 

1.27i) 

0.2()(j 

0.046 

0.103 

0.07.5 

0.07  to  0.15 

o.m 

n.oiG 

V 

Insoluble  

O.IIOS 
5.  UK) 

().()^^2 

3.(H.;0 

0.(!()(i 

5.130 

0.0!!.) 

3.090 

0.0',3  to  0.010 

0.0  7 

n.t;  '1 

6.12U 





1.  Farm  of  J.  Carper,  AVooclherry  To-\viisliip.  (T2  pp.  335-33<)) 

2.  Farm  of  J.  P.nimbaugh.  South  Wooclberry  Tov.nshii).  (T2  pp.  3.3r>-83()) 

3.  Farm  of  M.  Kagarise,  South  Woodbei-ry  Township.  (T2  pp.  335-330) 

4.  Farm  of  D.  Dunkle.  Snake  Spring  Township  (T2  pp.  335-330) 

5.  Stool  and  KckhiI^-  |roj)ony  noor  Asltcdin.  Soako  Spring  Townslii)>.  7 sainphs,  a. 

b.  average.  Analyzed  liy  ('anibria  Steel  <’o. 

<1.  Farm  of  I>.  F.  Koons,  Colerain  Township.  (T2  pp.  335-330) 

MIFFLIN  COUNTY. 

The  Cainltro  (Irdovieian  liinesloii(*.s  of  ififUiii  Uouiity  art?  found 
in  Kisliaco(|uillas  \':illey.  :i  eanoe-sliaited  vtilloy  soiiicwliiit  iuoit 
(Iian  30  miles  lone,'  and  aiiproximately  3 to  I miles  wide,  that  (‘xteiids 
southwest  acrttss  the  nortliern  part  of  tht^  county  ;ind  ;i  few  miles 
into  Huntingdon  (’ouuty.  At  tlie  wt'stern  t ud  it  comes  to  a ])oint  but 
the  eastern  portion  breaks  ut»  into  three  fingers  or  ])rongs  known 
as  Havice,  Treaster,  and  New  Lancastm-  valleys.  The  major  p;irt  of 
the  valley  is  drtiined  liy  Kishacotjuillits  ('reek,  which  Hows  e;ist  to 
Keedsville  where  it  turns  sharjily  ;tnd  flows  southwtird  thi'ough  ;t 
gap  in  Jacks  Mountain  lt»  join  -luniata  River  ;it  LeAvistown.  llont'y 
Creek  Avith  its  tributaiies  drains  the  ('astern  ]>ai-t  of  the  vallt^y  and 
the  three  snbordinatt*  valleys.  A considerable  ]!art  of  the  valley 
has  no  surface  streams  as  the  ctivernons  charticter  of  the  lijuestones 
facilitates  drainage  by  nndt'rgronnd  clmnnels.  A number  of  snnill 
(trtninis  i-unning  doAAii  the  sides  of  the  tnulosing  mounttvins  disa]i' 
pear  in  limestone  sinks.  There  Avas  formerly  ;i  lai’ge  ctivt*  at  Xttgiuey 
ihat  could  be  entered  but  the  mouth  has  uoav  been  lilled. 

Geologic  structure. 

The  s1i-;it;i  during  the  A|ipalachian  levolulion  wme  IhrttAvn  inlo 
an  ujiAAiird  fold  (itiitltdiiuM.  Mrosion  has  uoav  I'tuuovt'd  the  overlying 
strata  exjtositig  the  limestones  tinit  form  the  valley  btuieath  the 
old  anticlinal  ridges.  On  both  side  s the  limestones  di])  toAvard  tin* 
mountains.  Shah'S  ot  the  Martinsbuig  (Hudson  RiA’cr)  form  tin* 
loAver  slopes  of  the  tuielosing  mounlains  wilh  Ihe  still  younger  Oneitbi 
and  Medina  sandstones  ;ind  conglome] ;ites,  because  of  their  grtuittu- 
resistance  to  erosion,  comitosing  tin*  higher  mountain  ridges.  There 
are  a feAv  minoi-  folds  and  the  sultordinatt'  vtilleys  at  Hit'  eastern 
end  OAve  their  existence  to  the  breid;ing  u]»  of  the  major  fold  into 
three  smaller  anticlines.  AVith  such  ;m  tirrangement  tin*  oldest 
strata  are  found  at  the  to]i  of  the  anticliue,  which  is  not  f;tr  from 
the  center  of  the  valley  ;nid  tlu*  ujijter  and  younger  beds  are  at  the 
sides.  This  simple  structure  is  importtint  to  recognize  foi'  ;iny  one 
Avho  is  in  search  of  any  particular  series  of  beds. 


The  limestones  of  llie  region  hav<*  not  been  niapt)ed  as  distinct 
t'orinations  as  in  Centre  County,  yet  there  is  little  doubt  but  that 
the  same  classilication  could  be  applied  here.  The  search  for  low 
silica  stone  throughout  the  valley  by  the  steel  companies  has  shown 
ihe  presence  of  the  Blai  lv  Itivei-  grou]»,  ]tarticularly  the  Lowville,  and 
the  overlying  shal3'  beds  of  the  Trenton  and  the  underlying  dolomitic 
and  moi'e  liigiily  siliceous  strata.  Ail  the  work  that  has  been  done 
seems  to  show  that  it  is  useless  to  look  for  any  of  the  low  silica 
limestones  excejd  iieai-  the  margins  of  the  limestone  where  it  passes 
beneath  the  Ordovician  shales. 

Quarries. 

The  limestones  of  Kishacoipiillas  Valley  have  not  been  extensively 
utilized.  The  valley  contains  few  villages;  the  p>rincit)al  occupation 
of  the  peoi)le  is  farming.  The  prosperous  app)earance  of  the  region 
bears  witness  to  the  fertility  of  the  soil  as  well  as  the  thriftiness  of 
the  Amish  farmers.  Formerly  a number  of  quarries  Avere  o[)ened 
to  secure  stone  for  agricultural  lime  but  these  Avere  all  small  and 
intended  to  furnish  lime  only  for  local  use.  Some  of  them  furnished 
a small  amount  of  stone  for  building  tmrposes.  When  the  iron  ore 
deposits  of  the  vallej'  Avere  being  mined  by  the  Logan  Iron  and  Steel 
Co.  a quarry  Avas  Avorked  for  blast  furnace  flux  about  2 miles  east 
of  Barr.  Tluu-e  Avere  several  quarries  near  Belleville  and  Allenville. 

Nagincy. — The  Cambria  Steel  Co.  investigated  the  possibilities  of 
the  valley  for  fluxing  stone  a feAV  years  ago  and  opened  three  line 
({uarries  at  Aaginey  that  are  being  extensively  operated  bj’  the 
Bethlehem  Steel  Co.  (Blat(‘  111  B).  Aearby  the  National  Limestone 
Co.  has  three  quarries.  These  are  the  only  (piarry  operations  of  any 
consequence  in  the  county. 

At  the  Bethlehem  Steel  Co.  quarries  live  series  of  Avorkable  beds 
are  i>resent.  The  section  Avith  SiOo  contents  is  as  folloAVS. 

S^iUicd  ill  IhiKf.sfouc  beds  at  Nagincy. 


Ber  emit  Feet 

4.50  40 

3. CO  30 

1.10  42 

4.50  20 

2.50  50 


The  sect' on  is  overlain  b}-  strata  containing  more  than  8 per  cent 
•silica  and  underlain  by  other  beds  in  Avhich  the  silica  exceeds  7 per 
cent.  The  Ioav  silica  beds  seem  to  belong  to  the  LoAvville  and  these 
beds  Avould  be  valuahle  for  open  hearth  flux  or  for  the  manufacture 
of  high  grade  lime.  All  of  them  are  Avorked  together  and  yield  a pro- 
duct averaging  about  2.72  per  cent  SiO,.  An  average  complete  ana- 
lysis is  given  on  a later  page.  The  strata  dip  gently  toAAmrd  the 
shales  but  variations  are  to  be  noted  in  different  p>arts  of  quarries. 


LOT 


'i  lu‘  ^(M)(l  IkmIs  w ill  he  (|ii:i rricd  until  the  ovnrlmidcii  of  tin*  liij;li 
silica  stone  In'cnnies  excc'ssive.  It  is  not  ])ossihle  to  w'ork  below  the 
level  of  the  nearby  creek  on  acconnt  of  the  cavernous  character  of 
the  limestone  althon;:,h  ninch  j^^ood  stone  is  thereby  lost. 

The  Xational  Limestone  Co.  has  operated  three  large  ([iiarries  at 
Naginey,  working  the  snine  beds  as  those  in  the  lUdhlelunn  Steed  Co’s, 
quarries.  From  the  noidh  (luarry  some  stone  has  been  furnished  to 
the  Cnmbria  Steed  Ce».  It  avereigeel  abeeiit  Md  ]>er  cent  Sit),  ami  some* 
shi[)inents  rein  as  high  as  4. do  ]»er  e*ent.  At  the  time  e>f  our  visit  in 
1021  the  only  eimirry  in  eejee'ratieen  was  the  one  seenth  of  the  railroael 
at  Shraeler’s  Stat'een.  It  w'as  being  weerkeel  for  I'oael  metal  for  the 
State  Highway  I )e]);irtment.  The  beds  in  this  epiarry  show  comjelex 
structures  w ith  :i  sharje  ;tntie*line  ami  small  taults.  The  neerth  eputrry 
exposed  i*e*gular  heels  dijipiug  gently  to  the  east. 

Some  limestones  em  the  Close  larm  at  Siglerville  Avere  sampleel 
but  there  is  me  eimirry  here.  In  7(1  Siimples  the  silica  ranged  from 
0.44  to  20  pel-  cent,  avi*raging  about  1 [ie*r  eent.  Some  shaly  layers 
[eresent  Avere  high  :n  silica.  The  magnesia  Avas  Ioav  in  all  but  a fenv 
samples,  thus  indieating  The*  upjier  limestone  strata. 

RecdsvUle. — On  the  seeuth  siele  eif  the  llelleville  roael  1 mile  Avest 
of  Reedsville  Avhere  thei-e*  are  a feAv  small  eqienings,  2d  samples  Avere 
taken  and  analyzed  for  silica.  They  sheiAv  a range*  from  O.SO  ]>er 
rent  to  T.4S  pe  r e-e  nt,  averay^ing  d.OO  jie*i-  cent.  The*  beds  were*  thought 
to  lie  beleiAv  the  horizem  eef  the  best  stone. 

At  IJn’on  dlills  good  limestone  is  e*x])ose*d  along  Kishacoquillas 
Creek  bnt  conditiems  are*  not  faveu-able*  for  quarrying. 

One  mile  r*ast  of  llelleville  on  the  north  siele  of  the  roael  a small 
quarry  exjieeses  about  2.1  fe*et  of  steme  of  jieeor  epiality,  cemtaining 
considerable  blae-k  Hint.  South  of  the  reeael  there  Avere  alsee  exjieisures 
of  poor  steme*  elijijeing  about  21°W. 

Along  CoflVe  Kun  about  mielway  eif  the  Kishaceiepiillas  Mille*y 
ne*aily  horizontal  limestones  of  iatln*r  iioor  epiality  are  exfiosed.  The* 
loAven-  d4t  fei“t  aA'erageel  :!.L0  ]»e*r  e-e*nt  SiO„,  the*  ove*rlying  he*il-i  con 
sielerably  higher. 

At  Weiolen  Mills  on  Coffee  Kun  tliere  are  exjeeisures  eef  peeor  epia- 
lityr  lime*stone.  About  llOO  feet  doAvn  stream  freem  the  mills  seeme 
fair  stone*  is  eximseel.  The  17  sample*s  analyze*el  sheeAveel  a range  of 
silica  eef  (1.12  ]ie*r  e-e*nf  tee  S.S2  ]ie*r  e-e*n(,  averaging  d.dS  ]ie*r  ce*nt.  The* 
sample*s  e-olle*e-te*d  repre*seiit  abeeiit  !10  fe*e*t  eef  be*els.  Seeme  interve*ning 
beds  ameeunting  tee  about  10  fe*e*t  Avere*  e-one'e*ale*el.  The*  heels  el:p  40°S. 

The  Frst  femr  analyses  that  feelbew  are  take*n  freem  N’eel.  ,MM  eef  the* 
Second  Heoleegical  Surve*y  eef  Pennsylvania  ami  the  e*xae-t  leee*atieen  eef 
the  quarries  is  uncertain. 


(;s 


A ualij^tcs  of  CuiiiMi'o-Oriloi-iriaii  liincafoiws  of  Mifflin  Countij 


1 

2 

3 

4 

5 a 

5b 

6 

OaCOa  — 

U7.G51 

81.178 

70.214 

54 . 285 

*3.30  to  77.17 

55 . 87 

92.46 



1.131 

13.408 

24.415 

56.109 

17.55  to  40.96 

31.71 

3.86 

SW  F. 

3 33  to  9.24 

6.22 

2.72 

AL'Ua  ( 

0.426 

1.253 

1.360 

1.422 

1.02  to  3.92 

2.02 

0.88 

Fe-Oa  - ) 

8 __  

0.034 

0.064 

0.034 

0.151 

0.04  to  0.13 

0.07 

1.03 

p 

0.030 

0.025 

0.016 

0.011 

0.607  to  0.018 

0.11 

O.aS 

insoluble  -- 

0.760 

4.0.60 

8.010 

1.  Douglas  Campbell  quan-y,  two  miles  troin  Beileville.  Fossiliferous  limestone  from  top 

of  II.  Specimen  sparkles  with  calcite ; Slightly  coated  rvitli  iron  oxide,  light  bluish  gray,  witli 
rougli  fracture.  (IMJM.  p.  308) 

‘2.  Andrew  Campbell  quarry.  Mottled  black  and  gray  limestone  with  drusy  cavities.  (MM. 
p.  308) 

3.  Andrew  Campbell  quarry.  Light  bluish  gi’ay  limestone ; rather  hard  and  tough.  (MM.  p. 

308) 

-i.  Greenwood  Ore  Bank  limestone.  One  mile  from  Belleville.  “Magnesian  limestone.’’  Hard 
and  tough;  sparkles  with  calcite;  dark  bluish  gray.  (MM.  p.  308) 

5.  Taylor  Farm  upper  end  of  Eeedsville.  a.  Range  _ of  16  samples.  b.  Average  of  16 

samples.  These  samples  seem  to  represent  strata  below  the  Lowville.  Analyzed  by  H.  A.  Hosmer. 

6.  Kaginey  quarries  of  the  Bethleliem  Steel  Co.  Analyzed  by  Cambria  Steel  Co. 


FULTON  COUNTY.* 

The  only  limestones  of  Cambro-Urdoviciau  age  in  Fulton  County 
are  eonlined  to  McConnells  Cove,  an  anticlinal  valley  of  the  eastern 
part  of  the  county.  The  limestone  area  is  about  3 miles  wide  in  the 
widest  portion,  narrowing  both  to  the  north  and  the  south.  It  ex- 
tends y miles  north  and  10  miles  south  of  McConnellsburg. 

As  no  railroad  enters  the  county  the  limestones  liave  been  worked 
solely  for  local  use.  They  have  been  quarried  for  lime  for  agricultural 
purposes  mainly  but  limited  quantities  have  been  used  for  flux  and 
for  building  purposes  and  in  recent  years  for  higliAvays  and  for  con- 
crete. 

Tlie  largest  quarry  in  the  county  is  on  the  Patterson  Brothers 
farm  half  a mile  south  of  jMcConnellsburg  along  the  bank  of  Big- 
Cove  Creek.  The  beds  strike  A.  2t»°  E.  and  dip  W.  20°.  Most  of  the 
limestone  is  dark  blue,  weathering  light  grajq  but  the  quarry  face, 
which  is  70  feet  high,  contains  two  bands  5 and  3 feet  thick  of  yel- 
low, platy,  drusy  limestone.  Tliis  material  is  discarded,  only  the 
good  blue  rock  lieing  used.  The  (piarry  is  operated  by  the  State 
Highway  Dejiartmenr  as  a source  of  i-oad  metal.  The  rock  is  crushed 
at  the  (piarry  and  delivered  by  automobile  trucks.  After  operating 
tor  5 years,  a (piarry  face  -‘lOO  fe(*t  long  has  been  develo])ed.  About 
20  men  are  enqdoyed. 

C.  J.  Brewer  opened  a small  (piarry  2 miles  south  of  McConnels- 
biirg  about  1017.  It  is  well  located  for  development  and  requires  no 
stripping.  The  following  analyses  are  from  sanqdes  taken  by  him 
in  1917  and  1922. 


’"By  R.  W.  Stone. 


[iKili/srs  (jf  VuinJiro-(  h'docU-la  H limcsIaiH'  from  M <:<'(tn 


I Penns.vh'ania  IJurcan  of  ( 'lifinistry,  aiiialystl 


No. 

n 51  ! n -53 

D-240 

D-254J 

('alciiiiii  oxide  __  

::(;.45  30.20 

4S.U 

27.72 

C’iileimn  oart)omite  

05.01  53.  SS 

&5.S2 

49.47 

Magnesium  oxide  - . 

8.05  17.4'J 

4.95 

17.91 

Magnesium  carbonate  

18.72  27. .)7 

10.3.5 

.40 

Insoluble  matter  . 

12.05  4. GO 

2.10 

n.2o 

.V  (Hiiii-i-y  iu  tin's  limesluiic  on  ilic  (iia-ss  i'niui  '1  miles  soiirli- 

e;ist  of  Me< 'eini(‘llslmi-i;'  li;is  a fact'  ahotil  <iH  feet  loii”’  ami  3(1  feet 
liiiili  Init  it  has  not  lanm  worked  in  tnany  years.  H.  Steii^er 

(|narri('s  liim^stone  on  the  (leo.  .Ma.it'sam  farm  in  the  same  vicinity 
from  a face  10  feet  leny  and  13  feed  lii^ii.  Tin*  stone  is  burned  in 
an  open  heap  ajid  used  foi-  both  bnildiii”'  and  a^Ticnltnral  lime. 

The  f(dloc\  ing  analyses  are  from  tin*  Second  (ieolo»ical  Survey  of 
I'(*nnsylv:inia. 


Analyses  of  Camhro-Onloricid ii  Hmv.nfones  of  Faltoii  County. 


1 

2 

76.964 

51.143 

MfrCOa  - - 

19.327 

.29.201 

Sib*’  --  ---  .. 

2.820 

9.(40 

A1*‘03  — — — --  -- 

0.840 

O.G60 

Fe-0.3  - - 

S _ _ . . 

0.140 

0.207 

P _ 

0.005 

0.003 

1.  Farm  of  John  So-\vers.  Ayr  Townslii]).  2.  (iiM'athciul  tinaiTy,  McConnellyldira'.  Analyses 
by  A.  S.  MeCreath,  (Pennsylvania  v^(*e.  Geol.  Surv.,  T2.  p.  Mlhi) 


(CHAPTER  V 


HELDERR E RG  A XI)  T( )X(  )L(  )WAY 


LIMESTONES. 


lu  the  ])liysi()gra]>liie  ])i-oviuce  kiioAvn  as  tlie  ‘‘Apj>alachian  Valley” 
tliat  extends  aeross  central  Pennsylvania  in  a l>road  sweeping  curve 
troin  New  Jersey  to  Maryland,  among  the  i)crsistent  rock  strata  are 
those  grouped  under  the  name  of  “Formation  No.  VI”  or  the  “Lower 
Ilelderherg  limestones”  by  the  earlier  geological  surveys.  Although 
not  a nu  t,  as  can  he  seen  hy  the  cori-elatiou  table  that  follows,  the 
series  is  largely  responsible  for  the  numerous  narroAV  steep-sided 
valleys  that  are  such  a ])rouiiueut  feature  in  the  central  part  of  the 
State.  Liuderlaiu  and  overlain  by  argillaceous  and  siliceous  strata, 
these  calcareous  beds  ai'e  valley  formers  because  of  their  soluble 
character  in  contrast  to  the  less  soluble  shales  and  sandstones. 

The  Helderberg  limestones  occur  where  the  strata  have  been 
thrown  into  great  lougitudJial  folds  Avhich  subsequently  have  been 
worn  down  by  erosion.  This  brings  the  liuu'stoiies  to  the  surface  as 
outcro])piug  beds  in  numerous  places.  The  inaj)  showing  the  surface 
distribution  of  the  limestones  (‘xhibits  their  I'epetition  and  their 
weaving  back  and  forth  throughout  the  area.  This  feature  is  es- 
])ecially  prominent  in  Ihe  south  central  ]>art  of  the  State. 

The  Helderberg  limestones  outcrop  in  the  following  covinties: 
Monroe,  Carbon,  Schuylkill,  Lebanon,  I*erry,  Juniata,  Mifflin,  Snyder, 
Union,  Northumberland,  Montour,  Colunil)ia,  Lycomiug,  Clinton, 
Centre,  Huntingdon,  Rlair,  Bedford,  and  Fulton. 

The  classitication  and  coriadation  of  the  Helderberg  Pmestones 
has  long  been  a subject  of  disjmte  which  even  yet  is  not  ended.  One 
of  the  most  r(‘cent  studies  on  the  sidqect  based  primarily  on  the 
paleontological  characteristics,  which  undoubtedly  are  of  the  great- 
est value,  is  by  John  B.  Reeside,  Jr.““  He  collected  specimens  and 
carefully  studaul  several  sections  in  Central  Pennsylvania.  His  con- 
clusions are  accepted  by  the  wn'ter  and  various  ])ortions  of  his  re- 
j)()]'t  will  be  (]uoted  in  tin*  following  ]»ages.  Notwithstanding  the 
acceptance,  in  the  economic  descrijbions  the  Tonoloway  is  considered 
as  a ]iart  of  the  Helderberg  series.  The  following  table  is  adopted 
from  this  report: 


' atcesiile.  .T.  B.  .U’.,  Tlie  Hi'klorbeig  limestone  of  central  Pennsylvania:  U.  S.  Geol.  Survey 
Prof.  Paiier  108,  pp.  185-2i'.o,  1018. 


(170) 


Conclatioii  of  the  Ilelderhenj  liniestone  and  adjacent  strata. 


Ill 


JCVIKOAjm 


>cviaaiTs; 


•rcnnsvlvaniu  Socoml  (Jcol.  Survey  Ilopt.  (JT.  p.  SK.  1SK:{.  Illdoin.  Krpl.  i>. 

Yl(leii)‘|»  lirdem,  Kept.  T:K  1S85. 

Urpt/Kli.  p.  182.  I88f).  Sl'Iem,  Kc'pt.  T.  1881. 

* Idem,  U('pt.  G(). 

Ml  . S.  «i.  S.  Prof.  P;ii>(‘r  No.  108,  p.  18<5. 
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As  the  field  investigations  to  secnie  data  for  this  report  did  not 
permit  sufficiently  detailed  study  to  establish  the  divisions  of  the 
series  through  the  State,  the  lithologic  descriptions  of  the  various 
formations  given  by  Eeeside  are  quoted. 

TONOLOWAY  LIMESTONE. 

“The  type  exposures  of  the  Tonoloway  limestone  are  in  the  lower 
slopes  of  Tonoloway  Eidge,  and  the  type  locality  is  just  west  of 
Kock  Ford,  W.  Va.,  where  Great  Cacapon  Elver  cuts  through  the 
ridge.  Typically  it  is  composed  of  finely  laminated  light-gray  lime 
stone  and  calcareous  shale  and  is  generally  more  shaly  toward  the 
top. 

“The  Tonoloway  formation  in  central  Pennsylvania  has,  at  all 
the  exposures  studied  except  Tyrone,  the  same  characteristic  lith- 
ology, consisting  of  platy,  in  places  laminated  fine-grained  gray 
limestones  and  calcareous  shales.  The  uppermost  beds  in  the  Sus- 
(luehanna  region  are  heavy,  pure,  and  very  dark.  At  Tyrone  the 
strata  referred  to  tlie  Tonoloway  are  rffiatively  light  cream-colored 
to  buff  limestones,  in  places  platy  and  in  ifiaces  containing  shale. 
These  beds  probably  represent  a special  facies  very  much  like  the 
Wills  Creek  shale  of  Maryland.  Indeed,  if  there  Avere  sufficient  evi- 
dence of  an  unconformity  and  hiatus  at  the  top,  the  lithology  of 
these  beds  would  suggest  their  correlation  with  the  Wills  Creek.  The 
TonoloAvay  at  Tyrone  also  contains  a bed  of  material  that  seems  to 
be  siliceous  oolite. 

“The  Tonoloway  is  not  fully  exposed  at  any  of  the  localities 
studied.  The  maximum  thickness  observed  is  325  feet. 

“The  Tonoloway  and  Keyser  succession  has  been  considered  by 
most  observers  as  uninterrupted,  but  Ulrich  believes  the  two  lime- 
stones to  be  separated  by  a marked  break.  The  change  from  the 
platy  fissile  gray  limestone  of  the  Tonoloway  to  the  much  thicker- 
bedded  nodular  bluish  limestone  of  the  Keyser,  in  some  places  very 
dark  in  color,  is  usually  sharp.  Even  where  the  uppermost  Tonolo- 
way is  massive,  the  nodular  structure  of  the  KeA^ser  permits  a separa- 

Tloil.” 

HELDERBERG  LIMESTONE. 

General  character. 

“The  Helderberg  formation  is  a series  of  calcareous  deposits  of 
varied  character.  It  includes  sonn;  shale  but  is  chiefly  limestone, 
in  lithology  individual  beds  may  represent  any  stage  in  the  grada- 
liou  betAveen  a coarse  agglomeration  of  fossil  fragments  and  a dense, 
very  fine  grained  snbcrystalline  rock,  or  between  a someAAdiat  cal- 
careous shale  and  a laminated  impure  limestone.  Some  parts  of 
the  formation  have  in  all  exposures  much  bedded  chert,  and  locally 
chert  is  present  as  nodules  in  other  parts  of  the  formation.  In  very 
minor  quantity  arenaceous  limestone  and  even  calcareous  sand- 
stone are  present. 

“Four  members  are  recognized  in  the  Helderberg  limestone — the 
Keyser  limestone  at  the  base,  and  above  it,  in  order,  the  Coeymans 
limestone,  the  KeAV  Scotland  limestone,  and  the  Becraft  limestone.” 


Keyser  limestone  member. 

“Tlio  Kcjscr  limestone  forms  the  larger  part  of  tlie  llclderl  ei'g  of 
central  rennsylvania.  It  is  divisible  into  two  majo]'  lilliologic 
units — a lower  limestone  series  witli  many  nodular  layers  ami  an 
upper  series  of  relatively  slialy  limestone,  which  contains  vtu-y  few 
nodular  beds.  At  Tyrone  no  nodular  linu'stone  tvhattu’er  was  recog^ 
nized,  but  (‘veiytthere  else  it  is  a prominent  feature.  At  Ma])leton 
and  near  Lewistowu  a thick  bed  of  vei-y  imre  massive  crinoidal  lime- 
slou(‘  lies  near  tlu'  base  (d'  the  membei-.  Here  and  thert'  the  Keyser 
contains  chert  and  in  many  places  Sti-oiuatoporad)eariug  beds. 

“The  thickiK'ss  is  valuable  in  the  area  studied,  ranging  from  Sbi 
feet  in  one  of  the  Tyrone  sections  to  202  feet  at  Selinsgrove  Junc- 
tion.” 

Coeymans  limestone  member. 

“The  Coeymans  member  is  variable  in  its  lithology.  In  the  west 
it  is  locally  arenaceous  at  the  base  and  consists  of  coarse  crinoidal 
limestone  in  the  upper  part.  Farther  east  this  sandy  character  ex- 
tends through  the  whole  of  the  member  and  becomes  so  pronounced 
at  Grovauia  that  the  Coeymans  is  a sandstone,  fisually  chert  is 
present. 

“The  thickness  of  the  Coeymans  in  the  sections  studied  varies 
from  3 to  10  feet,  though  it  is  possible  that  tlie  niiuimuui  thickness 
should  be  increased  by  including  some  of  the  overlying  limestone.” 

“The  Coeymans-Keyser  boiindary  is  everywhere  strikingly  clean 
luit.  The  u])]ierniost  beds  of  Ihe  nbwser  are  iilaly,  banded  inpuirt' 
limestones.  The  base  of  the  Coeymans  is  coarse,  commonly  arena- 
ceous limestone  or  sandstone.  The  faunal  change  is  likewise  sharp." 


New  Scotland  limestone  member. 

“The  Xew  Scotland  member  usuall}'  has  a tliiii  bed  of  limestone 
at  its  base,  above  which  lie  shales,  interbedded  in  many  places  with 
impure  limestone  and  with  white  chert. 

“In  the  vicinity  of  Dalmatia  the  basal  limestone  is  very  thin  or 
lacking.  It  was  likewise  not  observed  in  Perry  County.  At  T^u’one 
it  is  12  feet  thick;  at  Lewistown,  (5  feet;  at  Selinsgrove  Junction, 
12  feet;  at  Grovania  it  seems  to  be  about  13  feet  thick  and  contains 
much  shale.  The  limestone  is  arenaceoiis  at  Selinsgrove  Junction, 
but  in  most  other  places  it  is  simply  a coarse-grained  bluish-gray 
fossiliferous  rock.” 

“The  shale  is  ashy  gray,  fissile  or  splintcu-y.  and  line  grained  and 
contains  more  or  h‘ss  imi)ure  limestone  in  thin  layers.  It  weathers 
yellow  and  is  not  usually  very  fossiliferous.  The  oidy  measure- 
ment of  the  thickness,  made  at  Selinsgrove  Junction,  gives  a total 
of  41  feet.  Some  uncertainty  as  to  the  position  of  the  up]ier  boundary 
renders  the  accuracy  of  this  figure  only  approximate.” 

“The  New  Scotland-Coeymans  boundary  is  not  well  detined  litho- 
logically.” 


Becraft  lim.estone  member. 

“No  lithologic  or  faunal  evidence  of  the  presence  of  the  Becraft 
member  of  the  Helderberg  was  obtained  at  any  locality  studied.’’ 


174 


Uses. 

The  Heldei'berg  (including  Touoloway)  limestones  have  been  quar- 
ried in  iiundreds  of  places  thronghout  the  counties  where  they  out- 
crop. The  main  use  has  been  for  the  manufacture  of  agricultural 
lime,  building  lime,  for  flux,  and  for  road  metal  and  concrete.  In 
a few  places  high  grade  chemical  lime  has  been  made. 

Most  of  the  descriptions  bj^  counties  that  follow  are  by  Mr.  Lloyd 
W.  Fisher  Avho  did  tlie  major  portion  of  the  field  work  in  the 
llelderberg  areas. 

MONROE  COUNTY. 

The  Helderberg  series  extends  in  a narrow  band  entirely  across 
the  southern  part  of  Monroe  County.  They  appear  at  Decker’s 
Ferry  and  continue  to  tlie  southwest,  close  to  Delaware  River  to 
Delaware  Water  Gap  and  thence  in  a small  valley  loarallel  and  a 
short  distance  north  of  Blue  Mountain  to  the  Carbon  County  line. 

Throughout  tlie  area  designated  these  limestones  have  not  been 
recognized  by  continuous  outcrops  on  account  of  the  heavy  cover 
of  glacial  debris  and  talus  derived  from  the  Oriskany  sandstone 
ridge  along  the  south  side  of  which  the  Helderberg  outcrops  and 
beneath  which  it  disappears  as  the  strata  almost  uniformly  dip 
northward. 

I.  C.  White  in  his  report  on  Monroe  County®®  has  given  an  excel- 
lent description  of  the  Helderberg  series  from  which  the  following 
extracts  are  taken  as  the  writer  did  not  have  opportunity  to  do  much 
fi(dd  work  in  this  region.  White  recognized  the  divisions  given  on  a 
previous  page  in  the  table  of  formations.  He  gives  the  following 
generalized  section  along  the  Delaware  and  Lehigh  rivers. 

Generalized  section  on  the  Delaware  Eir>er. 

Feet. 

1.  Oriskany  sandstone,  consisting  of  alternating  beds  of 

(juai'tz  conglomerate,  and  calcareous  chert  bO 

1 .0 wer  Hel  d erberg. 

1'.  Stormville  calcareous  shales,  ashy,  or  dark  gray,  fossil- 
iferous,  sometimes  cheity  and  containing  limestone  at 

base  Bid 

;i.  t=ltormville  conglomerate,  alternating  beds  of  quartz  con- 
glomerate, and  siliceous  ])(‘bbly  limestone  2b 

4.  Stormville  limestone,  cherty,  sandy,  massive  beds,  con- 
taining numerous  fossils,  Pentameras  galea, tus,  Ptronia- 
topora,  Favosites,  and  ReeeptaculUes  being  especially 
numerous  7.b 


5’PonnsylTajila  Second  Grool.  Survey  Report  Gr6. 
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5.  Ilvdrniilir  ((‘luciil  lied  (’‘rctli  sloiu*”  (d'  ('ool^l  

d.  I >(‘ck(*i  ’s  I'ci  ry  limrsToiir,  Idiiisli,  sli:ily,  coiitjiininii  \ :is1 

iminhei-s  of  L(  jicrdUUi  < Itn.  at  to]>  

7.  1 )(“ckoi's  Foi'i'v  saiidstono,  a v(M-_v  hard,  ludddy.  often  cal- 

carcoiis  sa iidstom*,  tilled  A\itli  fossil  sludls,  Ariciilas, 

(hoiicies,  and  otliei-s 

S.  I >eeker's  h\*rry  ^recniisli  sliah‘s,  sonietinn's  ealeareo-sili- 

eeons  

!).  Hossardville  liiiH'slone,  divisible  into  two  well  niarke«l 
sidHlivisions,  ia|  of  <I5'  and  (hi  of  25';  the  ii])])er  (a  I 
almost  non-fossiliferons,  dai-k  him*,  oi'  almost  hlaek, 
s])li1tin,2:  into  slate-like,  thin,  layers:  the  lowest,  (hi 
dai'k-iiray,  always  ])i'esentinj'’  a handed  or  striped  a])- 
)ieai*anee.  and  often  exhibiting  a time  eolnmnar  strne- 


tore  ( Stylolitc's  I : thiekn(*^s  of  both  a and  h !h) 

10.  Poxono  Island  shales.  Imtf,  caleareons  and  magnesian  ...  200 

11.  Poxono  Island  limestom'.  hlnish-gray,  very  eompaet,  fos- 

siliferons,  extending  down  to  tin*  bottom  of  the  I>ow(*r 
riidderbm'g  on  to])  of  the  (dinton  red  Ixsls  5 

Total  of  Lower  TTelderherg  010 


Whit(*  believed  tnat  the  ( lower  | iridderbm'g  thinned  ont  to  the 
westward  being  rejilaced  by  tin"  deposition  of  sediments  that  form  a 
liart  of  the  Oriskany  formation. 

Of  the  seri(‘s  as  givmi  above,  the  only  strata  ]H>ss(*ssing  mneh 
economic  value  is  the  Possai'dville  liim'stom*.  that  is  ])robably  to 
be  correlated  with  'di(>  Tonoloway  liim'stone  of  Rilmdan  ag(‘  and 
bv  th(‘  recent  classifications  is  not  a pnrt  of  tin*  TTelderberg  series. 
For  the  ja'csent  ]>nr]ios(\  howm’cr,  it  is  (h'seribed  as  ]»art  of  the 
TTeld(‘rb(n'g. 

“All  th(‘  gi'eat  limestom'  (pmrr'b's  of  5fonroe  are  in  this  rock,  and 
it  furnishes  Traeticnilx'  ;i1l  the  lime  bnriM'd  in  the  eonntv. 

“Its  to] I coiiK's  ont  of  the  Delaware  river  just  above*  Decker's 
Ferry  and  it  is  (piarried  at  the  roadside  on  the  blntf  of  tin*  river 
w('St  of  the  Feri'y. 

“The  thickness  of  tin'  interval  varies  from  75'-l(M)'  and  is  divisible 
into  two  ])ortions,  an  n])])(*r  and  a lower,  which  are  v(*ry  unlike  in 
aspect  and  composition.  The  ipiper  or  cpiarry  jiortion  is  nsnally 
about  115'  thick  and  has  a pri'vailing  dark  color,  sometimes  almost 
black,  th('  extreme  ii[>]ter  ])ortion  exct'ided.  which  is  gem'rally  gray 
or  hlnish-gray;  thi-ongh  tin*  dark  ])oition  especially  radiate  seams 
of  e;iicit(*:  the  r(*ck  bleaks  viih  a V(*iy  shai]i  angular  fracture  and 
has  a thin  thig  liki*  bidding,  and  is  entiri'ly  non-fossiliferons,  if  we 
excejd  minnti*  dai’k  sjecks  which  may  be  llri/ricJij  . 
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“Tliis  (iu;u')'_v  i)ortion  of  the  Eossardville  limestone  is  the  only 
limestone  h(‘<l  of  Xo.  VI  \vliich  extends  through  from  this  district 
1o  the  Leliigli  River.  Tlu‘  Eossardville  limestone  has  a tliickness  of 
dO'-lO'  Avheye  it  crosses  the  Central  K.  E.  of  X"ew  Jersey,  one  mile 
below  Eowman’s  station.  It  possesses  Ihe  same  ])hysical  characters 
Ihm-e  that  distingnish  it  in  Monroe. 

“Samples  of  fhe  Eossardville  (piarry  limestone  were  collected  at 
several  localities,  and  analyzed  in  Mr.  McCreath's  laboratory  at 
Ilariisbnrg; 


Aiialijsoi  of  BossardviUe  limesfoiic. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

Oarbouatc  of  lime  

94.1185 

87.928 

82.732 

93.207 

90.875 

88.821 

94.285 

92.196 

Carbonate  of  magnesia  __ 

1.528 

] . 9:I7 

2.830 

1.384 

1..309 

2.345 

2.118 

2.171 

O.xiile  of  iron  and  alumina 

0.7(10 

2.110 

1..3C0 

0.840 

0.680 

0.710 

0.540 

1.100 

Sulpliur  

0.050 

0.229 

*.695 

0.113 

0.153 

0.207 

0.207 

0.154 

Pho.sjihorus  . - 

0.014 

0.019 

0.007 

0.010 

0.010 

0.013 

0.015 

0.020 

Insoluble  residue  

2.850 

7 . Sf  lO 

11.930 

4.2.50 

3.920 

7.C50 

3.020 

4.260 

“T.  II.  From  Bossarclville  (luarries,  Hamilton  township.  Monroe  county. 

“Ill,  IV,  V,  VI,  from  C.  Van  Auken’s  quarry.  Middle  Smitlifteld  township,  Monroe  county. 

“VII,*  VIII,  From  J.  H.  Brown’s  quaiTy,  Smithfield  township,  Monroe  coimty. 

Average  of  two  dotrnTiinations. 

“The  limeslone  ti'om  this  horizon  burns  readily  into  a light  gray 
lime,  much  valued  for  agricultural  and  building  ])nrposes,  though  it 
is  seldom  white  enough  to  be  used  for  plastering.  At  Eossardville 
and  vicinity,  several  bundled  thousand  busliels  are  annually  burned 
and  hauled  far  and  wide  into  the  surrounding  country. 

“The  ojiinion  prevails  among  the  farmers  that  this  limestone  is 
occasionally  absent  for  long  distances,  coming  in  again  suddenly; 
thus  for  instance,  no  quarry  of  it  has  been  opened  between  that 
near  Experiment  Mills,  on  Brodhead,  and  one  mile  west  of  Storm- 
ville  in  Hamilton  township,  a distance  of  nearly  live  miles;  hence 
the  farmers  along  this  line  believe  it  absent.  The  truth  is  that  there 
are  no  natural  ex]»osures  here  because  the  limestone  is  buried  by 
drift  and  surface  debris,  shed  from  the  steep  slope  of  Walpack 
(Godfrey’s)  ridge,  since  its  line  of  outcrop  would  nearly  always  be 
found  doAvn  along  the  northern  margin  of  Cherry  valley.  Hence  this 
valuable  limestone  is  v('ry  probably  present  on  every  farm,  but 
covered  up.  The  farmei's  owning  land  along  the  northern  margin 
of  Cherry  ^•alley,  slionld  do  some  judicious  digging  in  order  to  test 
Ihe  matter. 

“In  passing  soiith-westward  from  Eossardville,  this  limestone’s 
outcrop  is  again  covered  u[)  l»y  the  vast  heaps  of  Oriskany  debris, 
and  is  not  seen  again  until  we  pass  west  from  Saylorsburg  into  Eoss 
township.  There  in  the  vicinity  of  Samuel  Lessig’s,  the  Bossard- 
ville  limestone  has  been  quite  extensively  quarried,  though  it  is  not 
so  thick  as  usual  nor  so  pure,  and  has  been  so  much  crumpled  and 
folded  as  to  have  slaty  cleavage  and  aspect,  being  in  fact  partially 
metamorphosed. 

“From  the  vicinity  of  Lessig’s,  this  limestoiie  is  not  seen  again 
until  we  come  to  the  neighborhood  of  Knnkletown,  in  Eldred  town- 
ship, its  outcrop  being  constantly  (‘oncealed  under  the  surface  de- 
bris, principall}^  of  Oriskany  sandstone.  West  from  Knnkletown, 


li()wev(‘i'.’  lli(‘  OriskiUiT  IhmIs  arc*  disinlr^ialcd.  and  tlie  lime- 

stonn  tlinii  cnnics  out  to  tlio  siu  lacc*,  w licta’  it  is  (jiiaiTicd,  and  lnini(‘d 
(|iiite  extcnsiv(‘l\ . Il  is  nincli  Iwistcd  and  c(into)'1(“d.  Iiowcvor,  so  tlial 
it  is  dilii(  nll  In  di'cidn  A\liicli  wa\  tin*  dij)  is  goina,.  It  is  of  course 
))ossiltle  tlial  lln'  limestone*  may  be  entirely  alisent  in  tlie  intei’- 
niediate  s])aces  \\  lu'ia*  il  mak(*s  no  a])peaianee  on  llie  surface,  but 
llie  probaleililies  are*  lliat  it  is  ])rese*nl.  eaeen’ea le*d  umle*r  the  ^re*:i1 
iie*;i|)  of  de'bris. 

"Tin*  leewe'st  L’d'  of  tlie  l>ossai'd\ ille  liim*stone*  is  \’e*ry  elillereni 
in  ;ts]H*c1  fi'om  llml  portion  usn.illy  epuirrie*d  fe»r  linn*,  liavinii  a elark- 
gray  coleei-,  ;end  ;i  peculieir  latmled  eippearane’e  m;ede*  ley  tine*  lines  eef 
litininalieui  eef  dilferent  colors,  gr;ey,  Avhitisli.  blue*  etc.  It  also  e)fte*n 
possesses  a genuine  coluinmir  structure  ■which  is  tinely  sheewn  at 
the  Expeiame*n(  ^Mill's  ejuari-y,  eileeeve  the  Deheware  Water  Gap. 
where  the  re>e*k  e*xliibits  a ]trismatic  structure,  like  beesaltic  ceeluinns. 
This  streictnre*  doe*s  not  exist  ;ill  tlnough  the  2b',  hut  is  confined  t<j 
e'ertain  layers,  the  eene  exhibiting  il  most  elee*ide*dly  e*oming'  7'  eihove* 
ihe  base  e>f  the*  stratum  ;ind  Imving  ;i  thickness  of  The  columns 
or  stylolites  ;ire*  inclined  to  the*  seeulh-east  ;it  an  eingie  of  7b°.  -while 
the  eliie  eef  the  reecks  is  only  .‘>b°  in  the  same  elirection  : thus  it  is 
prediahle  that  the  structure*  in  epiestion  has  origiemted  through  the 
action  eef  the*  feeia-es  that  preeduee*  e-lea\age,  lieeauise*  the  reecks  which 
exhibit  it  sinew  nee  traces  eef  eeveiheating. 

“The  same  structure  is  seen  just  beloAV  the  falls  at  Shawnee  in 
Smithfield  toAvnship,  though  the  limestone  exhibiting  it  there  comes 
higher  in  the  series  than  the  one  at  the  base  of  the  Bossardville  beds. 
This  stratum,  in  physical  appearance,  answers  perfectly  to  the  de 
scription  of  Prof.  Cook’s  Pibbon  limestone  Avhich  is  found  at  tlie  base 
of  the  series  in  NeAV  Jersey;  although  many  of  the  layers  in  the 
StormA'ille  limestone  often  possess  the  ribboned  aspect. 

“A  specimen  of  the  columnar  limestone,  from  the  Experiment 
Mill’s  quarry,  had  the  folloAving  composition,  as  analyzed  by  Mr. 
MeCreath : 


Carbonate  of  lime, 73.428 

Carbonate  of  magnesia,  2.648 

Oxide  of  iron  and  alumina,  2.970 

Insohible  residue,  20.240 


“From  this  analysis,  one  might  infer  that  it  AAmuld  make  a pretly 
fair  hydraulic  cement,  and  1 aauis  informed  that  the  limestone  Avas 
tested  for  that  purpose  on  one  occasion  at  Bossardville,  Avhere  it 
shoAvs  under  the  quarry  limestone.  It  is  reported  as  ha\’ing  made 
a veiyy  good  hydraulic  cement. 

Stormville  hydraulic  cement  bed. 

“Immediately  beloAV  the  Stormville  limestone  just  described,  there 
occurs  a bed  of  Avater  lime  AAdiich  seems  to  be  quite  persistent  from 
the  extreme  eastern  line  of  the  district  soutlnvestward  beyond  the 
center  of  Monroe  county,  or  at  least  as  far  as  Stormville,  from 
Avhich  locality  the  stratum  in  question  Avas  designated.  It  is  seldom 
over  5'  thick  though  occasionally  attaining  to  10  feet.  The  rock 
is  usuallj'  of  a pale-buff  color,  and  breaks  Avith  the  peculiar  earthy 
fracture  characteristic  of  hydraulic  limestonesi;  non-fossiliferous. 
although  just  under  it  millions  of  Leperditia  alia  are  found. 
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“This  lied  is  seen  in  the  steep  slope  of  the  hill  facing  the  Delaware 
Kiver  near  Decker’s  Ferry,  at  the  eastern  line  of  Monroe,  and  at 
nninerons  localities  from  tliere  on.  sonthwestward  to  Storm\dlle. 

“Tile  foIloAving  analysis  of  specimens  from  several  localities  in 
.Monroe  sIioav  the  composition  of  the  Stormville  cement  bed  as  de- 
termined liy  Messrs.  McCreath  and  Stinson: 

1.  iN(*ar  Decker's  Ferry,  Middle  Smithtield,  Monroe  County. 

It.  Same  locality,  j^liddle  Smithtield  T]n,  Monroe  County, 
ill.  Land  of  J.  DeWitt,  IMiddle  Smithtield  Tp.,  Monroe  County-. 
IV.  Land  of  d.  DeWitt,  Middle  Smithlield  T]).,  Monroe  County. 

V.  Stormville,  Hamilton  Tp.,  IMonroe  County. 


I 

II 

III 

IV 

V 

(’’arbonate  of  lime  - _ . _ _ > 

3S.910 

3G.428 

37.714 

37.107 

43.839 

29.064 

2.607 

3.653 

23.724 

17'. 481 

25.851 

2G.410 

3 . asr 

3.2Sn‘/ 

6.290 

3.S57 

3.073 

4 . ir>3 

?.73oj 

Sulphur  - - --  

.o(;5 

MSS 

.118 

.027 

Insoluble  resiflue  - 

27.420 

28. 720 

29.090 

28.4E0 

17.560 

“The  insoluble  residue  in  each  of  the  above  after  ignition  gave 
the  following: 


I 

IT 

III 

IV 

V 

Siiicu  --  __  . 

24.150 
22  500 
0.220 
0.404 

23.9-10 

2.740 

0.110 

0.183 

24.850 

2.450 

0.200 

0.490 

23.970 

2.740 

O.OiO 

0.227 

13.630 

2.040 

0.120 

(1.144 

Oxide  of  iron  and  alumina  __ 

Magnesia  ..  ...... 

Totals  - - - 

27.274 

26.973 

28.0.50 

27.027 

15.9.34 

“No  attempt  has  ever  been  made  to  manufacture  hydraulic  cement 
from  this  bed  so  far  as  1 could  learn;  but  it  would  seem  from  the 
composition  given  above  that  portions  of  tliis  stone  might  be  selected 
which  would  make  a very  fair  cement.  At  the  locality  where  speci- 
mens HI  and  IV  wmre  obtained  the  bed  is  10'  thick,  so  that  some  of 
it  would  almost  ceitainly  make  hydraulic  cement.’’®^ 

The  Helderberg  quarries  are  still  in  operation.  When  visited  by 
the  writer  a few  years  ago  two  quarries  were  being  worked  for  agri- 
cultiu’al  lime  for  local  use.  One  operated  by  Charles  H.  Heney  pro- 
duces about  10,000  bushels  of  lime  annually.  The  stone  is  blue  with 
numerous  thin  bands  (ribbon  stnicture)  and  is  said  to  contain  from 
S5  to  00  per  cent  calcium  carbonate. 

CARBON,  SCHUYLKILL,  AND  LEBANON  COUNTIES. 

The  Helderberg  limestones  are  not  well  developed  nor  of  much 
economic  value  in  Carbon,  Schuylkill  and  Lebanon  counties.  They 
gradually  thin  and  seem  to  disappear  near  the  Swatara  Water  Gap 
and  have  not  been  recognized  in  Dauphin  County. 

^‘‘Pennsylvania  Second  Geol.  Survey  Rept.  GC,  pp.  136-137,  141-145,  1882. 
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•Inst  noi'tli  of  tlu‘  J>elii<ili  Gap  in  Cai-bon  County  'Wliiti*"'  has  <iivon 
llio  I'ollowiiio;  section: 


(leiicr(ili.~c(l  s(>ctioii  on  the  Lehiijh  tiiver.  Feet 

1.  Oi'iskany  sandstone,  a coarse,  massive,  reddish  gray, 

(piartz  ( (inglonierate,  neai-ly  destitute  of  fossils  . , , . iMMl 

2.  Cli(‘i-1y,  calcai-eoiis  sandstone  containing  casts  of  fosdis  ](• 

3.  Oriskany  shales,  containing  some  clierty  layers  together 

\\i1h  a few  thin  IkmIs  of  sandstone  h(i 

t.  ('onc(‘ah‘d  2n 

o.  Oriskany  sliali's.  with  tliin  layei'S  of  reddisli  sandstone  •'() 

6.  Decker's  Ferry  greenish  shales,  and  calcareous  sand- 

stou(‘  -h* 

7.  Eossardville  limestone,  blackish,  slaty  fracture,  filled 

wilh  s1i'('aks  of  calcite  !<• 

8.  Poxouo  Island  shales,  buff,  gray,  and  greenish,  calcare- 

ous, vai-icgated  with  red  neai'  tin'  base  22.“ 


Total  of  Lower  Helderberg,  295 


These  limestones  were  formerly  quarried  near  the  Lehigh  Gap  and 
were  used  in  the  manufacture  of  hydraulic  cement. 

Although  exposures  are  almost  entirely  lacking,  due  to  their  con- 
cealment by  much  debris,  the  Helderberg  limestones  are  believed  to 
extend  continuously  to  Schuylkill  Haven  on  the  Schuylkill  Eiver. 
There  due  to  shiirji  folding,  the  strata  makt'  an  (‘adwanl  loop,  ci-oss 
the  river  at  Auburn  and  continue  westward.  In  the  Swatara  Ga]> 
section  a few  beds  of  limestone  are  exposed. 


PERRY  COUNTY. 

The  Helderberg  limestone  enters  Perry  County  in  the  northern 
part,  northeast  of  the  .Tuniata  Eiver.  Tt  is  exposed  on  both  Hanks 
of  a broad  anticline  which  forms  Pfoutz  Valley.  Turning  back  about 
four  miles  from  the  Susquehanna  the  outcro])  assumes  a southwest- 
erly trend,  and,  due  to  plications  and  rolls,  has  a Avidth  of  two  miles 
in  Eaccoon  Valley.  To  the  southwest  in  the  P>lain  area  there  ai‘o 
numei'ous  folds  and  rolls,  which  are  best  seen  in  the  HcVey  quarry. 

Petweeu  And<‘rsoid)ui'g  and  Center  the  outcrop  of  the  formation 
widens  to  five  miles  in  Sherman  Valley.  North  of  Eloomlield,  tiu' 
county  seat,  it  crosses  the  county  in  tAVo  distinct  bands,  one  along 
Euffalo  Hills  and  the  other  on  the  north  and  south  sides  of  Stony 
Eidge. 

^»Op.  oit.,  p.  129. 
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At  Ii'0(|uois  station  on  the  l*ennsylvania  Railroad,  it  is  offset 
across  the  Juniata  River  by  a continuation  of  the  Perry  County 
fault.  The  plane  of  the  fault  could  not  be  traced. 

The  limestone  band  runs  southwesterly  to  Elliotsburg  and  is 
well  developed  in  Tyrone  township  due  to  numerous  rolls  and  folds. 
Then,  bending  slightly  to  the  north  of  east  to  a point  south  of 
Bloomfield,  it  runs  sharply  off  to  the  southwest  to  Oakgrove. 

Several  small  areas  of  the  limestone  are  exposed  as  outliers  on  the 
west  side  of  the  Juniata  River. 


Bloomfield  area. 

Because  of  the  great  amount  of  folding,  the  Levvistown  limestone 
of  Wiiite  covers  a great  deal  of  territory  to  the  north  of  Bloomfield. 
The  ridge  is  formed  iby  tlie  outcrop  and  is  known  locally  as  Lime- 
stone Ridge.  It  includes  the  excellent  Clarks  Mill  exposure  cited 
by  Reeside  and  visited  by  the  writer. 

In  the  Harmon  (}uarry,  three  quarters  of  a mile  north  of  the  Court 
House,  tlie  following  section  is  ex])osed : 

Scctidii  of  I/cldn  bri'fi  limcsfoiif  near  Xeic  Bloonipchl. 

Feet 


Steel,  gray  rather  slialy  limestone  lb 

nine  massive  limestone,  weathers  ycdlow  lb 

Moie  oi-  less  crumbly  limestone  b 

\huii  of  calcite  2 inches  

Blnisb  limestone  sandy  and  clayey  2 

llanl,  siliceous  limestoiu'  2 

Cray  to  blue  limestom*  beds  two  feet  thick 11 


The  (piarry  is  no  longer  in  o])e]'ati<«n  ; two  kilns  in  ruins  shoAv 
signs  of  former  activity. 

One  of  the  ty[>e  localities  of  the  Helderberg  is  about  one  and  one- 
(piarter  miles  nortlnvest  of  the  town  along  the  abandoned  Newport 
& Sherman’s  Valley  Railroad.  It  is  one  of  the  best  exposures  in  the 
central  ])ortion  of  the  State.  Although  the  fossils  are  abundant  thej^ 
are  not  very  well  preserved  and  hence  are  very  difficult  to  identify. 

According  to  Reeside,®'’’  the  upi>er  lib  feet  comprise  the  Keyser 
formation  and  are  a])parently  the  same  as  those  named  by  Claypole 
as  the  Clark’s  shales. 


3“U.  S.  Qeol.  Survey  Prof.  Paper  108,  p.  215-210,  1918. 
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Section  (it  Clart’s  Atilt,  iihoiii  i inilr-s  iiorl Inrcst  of  \ i ir  Hloomficlil . 

Tliickm‘ss 
in  feet. 

Concealed  b}'  residual  clay.  Idled  with  white  blocky  chert, 
fragments  of  coarse  sandstone,  and  thin,  idaty,  shaly  lime- 
stone. Immediately  alfove  the  to]i  of  the  Keyser,  weathered 
Gypidula  valves  and  segments  of  a large  crinoid  column 
are  abundant  and  indicate  the  probable  presence  of  the 
Coeymans  memln'r  of  tin*  llelderberg. 
llelderberg  limestone  (Keyser  limestone  member j : 

Limestone,  fissile,  platy,  dark  gray;  fragments  ring  when 
dropped;  no  chert:  fresh  surface  shows  distinct  lamina- 
tion   2.0 

Limestone,  thin  bedded,  dark  gray,  with  much  interbedded 
l)lack  chert;  one  layer  is  about  10  inclu*s  thick,  compact, 

bluish  gray,  with  conchoidal  fiaetim*  b.S 

Limestone,  thin  bedded,  full  of  crinoid  fragments  and  other 

fossils,  ciystalline  1.0 

Concealed  by  talus  2.7 

Limestone,  thin  bedded  (1  to  d inches),  a little  nodular, 
bluish  gray;  some  of  the  layers  are  compact,  with  con- 
choidal fracture;  others  are  subcrystalline,  crinoidal, 
and  crammed  with  fossils;  the  unit,  however,  looks  homo- 
geneous   20.1 

Limestone,  thin  bedded,  blue  crinoidal;  sidjcrystalline. 


and  crammed  with  fossil  fi'agments  1.5 

Concealed  d.O 

Limestone,  crinoidal,  bluish  .5 

Concealed  1.7 

Limestom*.  gray,  ci'ainnu'd  with  ramose*  biyozoan  1.0 

Concealed  2.0 

Limestone,  conqeact,  hard  leluish  .5 

Concealed  27.0 

Linu*stone,  thin  bedded,  dense,  bluish,  conchoidal  fracture  1.0 

Concealed  20.0 

Limestone,  lliin  bed(h*d.  blue,  nodular 5.0 

Concealed  1.0 

Limestone,  very  thin  bedded,  nodulai'j  dark  gray 1.2 

Concealed  20 

Limestone,  thin  bedded,  much  weathered  and  stained, 

debris  full  of  fossils  0.0 

Limestone,  thin  bedded,  rather  nodular,  dark  gray;  upper 

-!  feet  heavi(*r  be(hh*d  !),!) 

Conceal(*d  :!.() 

Limestone,  thin  bedded,  very  nodular,  bluish  gray  ....  0.0 

Limestone,  single  heavy  bed,  compact,  dark  gray 1.0 


1M0.7 

Tonolo\\  ay  lim(*stom*; 

Limestone,  rather  massive*,  dark  giay,  not  nodular 2.0 

Limestone,  fissile,  platy,  yellowish,  banded;  fossils  ve*ry 
rare,  veiy  different  from  overlying  beds;  gives  a 

shingle  like  talus;  dark  gray  on  fresh  fracture*  5.0 

Limestejiie,  single  bed,  elark  gray  1,0 
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Thickness 


Tonoloway  limestone — rontinned.  in  feet. 

Tjiinestone,  dark  gray,  separated  into  1-inch  courses  by 
silicitied  seams  1/8  incli  thick,  whicli  stand  out  a little 

in  relief 2.6 

Limestone,  single  hed,  knotty,  dark  gray;  weathers  into 

laminae  6.6 

Limestone,  ])laty,  shaly;  weathers  into  plates  4.0 

Shale.  (•(»ntor-t(Ml,  y(*llow,  jiartly  concealed  4.0 

Tyimestone.  knotty,  irregnlar.  yet  massive  b.O 

Concealed  7.-“) 

Limestone  very  thin  bedded,  platy,  dark  gray 8.6 

Limestone,  massive  bed,  dark  gray,  lireaks  into  thin  plates  6.2 

('oncealed  4.5 

Limestone,  massive,  dark  gi'ay,  brc'aks  into  thin  ])lates  6.0 


61 .0 

Tl'.e  fossils  f(!nml  in  the  (’larks  IMill  ai(‘a  imdnde  many  forms. 

Keeside  has  hl(*ntiii(‘d  45  species  from  this  locality. 

Pfoutz  Valley  area. 

This  area  lies  in  Liverpool  townshi]»  and  when  visited  contained 
no  working  quarries.  The  State  Highway  De])artment  operated  a 
(pian'y  at  the  head  of  the  valley  in  Liverjtool  Townshi))  in  order  to 
secui'e  stone  for  the  construct'on  of  the  State  highwaj^  from  jMillers- 
town  to  Livert)ool. 

t<vctioii  r.rposnl  in  in  Li rci-jxnti  Townshijn 

Fec'f 


Overburden  6 

Shattered  limestone,  no  bmlding  visihh* 0 

Hluish  to  black  massive  limeslone  8 

Thin  yellowish  shale  2 im  h(“s 

nomogcmeons  limestone,  beds  one  to  ten  inches  ....  16 

Thin-b(‘dded,  bluish  limestone  with  fossils 12 

Xnmerous  veins  of  calcite  with  tlnoritc*  at  base 


Th(‘  (|nan-y  is  about  266  f<‘ct  long  and  there  is  much  evidence  of 
ea\'t*  formation  to  the  east,  and  much  shattering  to  the  west  wheiM^ 
the  rocks  ])itch  st(‘e])ly  into  the  h'll. 

Northwest  of  the  (]uan-y  the  rocks  form  the  northern  dank  of  the 
anticlinal  valley  and  t»;tch  under  Turkey  Ridge.  Here  are  located 
I he  abandoned  quarries  of  jM(*ssrs.  Rarner,  Rnmbaugh  and  Kaufman. 
Mr.  Parmu*  stated  that  owing  to  the  ease  with  which  lime  could  be 
s(a-ured  from  the  Dalmatia  area,  tin*  qmuades  in  this  district  have 
mnei'  )»een  extensively  worked.  The  Parner  (piarries  showed  con- 
sidei-able  calc'te  vein  material  in  the  lower  beds. 

The  upper  limit  of  the  Helderberg  along  tin*  southern  border  of 
ihe  valley  may  be  maj)ped  because  of  an  ontero])  of  chert  along  the 
northern  tlank  of  Wildcat  Ridge. 
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(IriK  rdUzrd  srcfion  of  the  _! I < I d n hri'ii  I iiiir.sf-<jiirs  of  I’foiit'  1 aJIri/. 


Feet. 

lUj.e  to  kisli  liiuesToiie,  iu:issi\e  I’.O 

Vi'llowisli  slialv  matei'ials  

Fo.  siliF  i-cas.  lua.ssive.  blue  limesluiie  l-.b 

Tliia-liedded  i)luish  limestone  I-J.U 

imi-k  blue  limestone  Avilli  vtins  ol'  ealeite,  and  some 

liuorite  forming  the  base  of  the  quarries -b.b 


Blain  area. 

In  the  main  area  located  along  the  narrow  gauge  railroad  of  kSher- 
maii  ^'alleT,  about  one  and  one-half  miles  north  of  the  station,  the 
rolls  and  plications  of  the  Helderberg  are  well  exposed.  The  best 
exposure  occurs  in  the  quarry  of  Samuel  lMc\Ty  where  there  is  a 
double  syncFiie  with  t»eds  pitching  to  the  north  and  maintaining  an 
almost  du('  east-west  strike.  Along  the  southern  outcrop  there  lias 
been  much  shattering  and  the  beds  are  more  or  less  shaly  and  are 
scantil}"  fossiliferous.  100  feet  down,  the  dip  suddenly  reverses  and 
synclinal  conditions  are  presented. 

The  basal  beds  are  very  dark  and  show  few  fossils.  They  seem  to 
belong  to  the  Tonoloway.  The  beds  are  about  two  feet  thick,  but 
where  the  harder  and  bluer  bials  occur  they  are  nearly  three  feet. 
The  blue  limestone  is  in  turn  overlain  by  a hardiu-  Fmestone  wliich 
is  IS  inches  thick.  Above  this  is  about  llO  inches  of  a hardi'r,  shelly 
blue  limestone.  Above  it  is  a o-foot  bed  of  chocolate-colored  lime- 
stone. This  is  the  main  iptarry  rock  of  the  lower  fiench  of  this  triple- 
benched  quarry. 

The  second  bench  Avhich  is  about  10  feet  high  overlies  a shaly  bed 
which  is  occasionally  Avorked.  In  the  third  bench  tvliich  showed  a 
second  anticline,  there  is  about  l.j  feet  of  shaly  limestone  which  sup- 
plies the  draw  kilns.  The  axis  of  the  anticline  is  exposed.  The  length 
of  the  quarry  is  200  feet. 

The  outcrop  may  be  traced  across  the  hill  for  a distance  of  half 
a mile  where  the  rock  is  again  exjmsed  in  the  abandomal  McA'ey 
quarry. 

Section  e.rposed  in.  the  McYci/  qnai  rn. 

Keyser  limestone:  Feet. 

Fpiier,  shaly  and  platy  limestone l.l 

muish  limestone,  Aveathers  yelloAv  10 

Flaty  leilge,  Avith  fossils  poorly  preserved 1 

Hard,  siliceous  lilm*  limestone  2.'i 

rhocolate-colored  limestone  .'i 

Hard  shelly  blue  limestone  2 

Soft,  blue  limestone,  crumbles  easily I 

Hlue.  thin-beddid,  limi'stone  ... 

TonoloAvay  limestone : 

Thin-bedded  and  platy  limestone 
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Iroquois  area. 

Tlie  quarry  of  Mr.  Lowe  was  operated  in  the  extreme  northwestern 
corner  of  Watts  tOAvnship  across  the  river  from  the  Iroquois  station 
of  the  Pennsylvania  Kailroad.  The  limestone  extends  for  a short 
distance  to  the  east  and  it  is  possible  that  this  outcropping  was 
caused  by  the  Perry  County  fault,  which  is  visible  along  the  northern 
end  of  the  quarry.  Here  solution  by  water  that  found  an  easy  pass- 
age along  the  fault  plane  has  made  a large  cave.  The  Oriskany  and 
the  lower  beds  of  the  Helderberg  are  in  contact. 

From  the  top  of  the  quarry  one  can  see  the  Hamilton  crossing  the 
river  on  a southwest  trend  and  having  a southeasterly  dip.  In  the 
quarry,  however,  the  beds  are  practically  horizontal. 

A very  hard  and  somewhat  siliceous  limestone  about  12  feet  thick 
forms  the  base  of  the  quarry.  About  50  feet  above  the  base  occurs  a 
hard,  slaty  bed  aboiit  0 inches  thick.  Above  this  thin  bed  of  slaty 
material  the  limestone  is  practically  jet  black  and  l)reaks  with  a 
distinct  glassy  fracture. 

Most  of  the  limestone  is  burned  although  some  is  pulverized.  The 
thick  overburden  and  poor  transporting  facilities  have  hindered  the 
development.  Grain  brought  such  a low  price  during  the  summer 
of  the  reconnaissance  that  the  farmers  claim  they  were  unable  to 
l)uy  lime  to  neutralize  the  soil.  All  these  factors  have  hindered  the 
development  of  the  lime  industry  of  Perry  County. 

JUNIATA  COUNTY. 

The  Helderberg  limestones  of  Juniata  County  extend  in  two  con- 
tinuous bands  across  the  entire  county  from  northeast  to  southwest. 

The  northern  band  enters  the  county  at  Richfield  and  runs  west- 
ward through  Cocolamus  and  McAllisterville,  bending  south  at  the 
latter  village  and  outcropping  about  a mile  north  of  East  Salem.  It 
then  runs  southwest  for  about  ten  miles  to  a point  southeast  of 
Mifflintown  where  it  is  sharply  folded  and  extends  across  the  Juniata 
River  nearly  to  Allendale.  From  Mifflintown  the  outcrop  on  the 
south  flank  of  the  fold  bends  back  to  the  northeast  passing  directly 
south  of  East  Salem.  The  line  of  outcrop  then  reverses  its  direction 
and  crosses  the  Juniata  River  at  Port  Royal  where  excellent  expo- 
sures of  it  can  be  seen  along  Tuscarora  Creek.  It  continues  the  south- 
westward  trend  past  McCoysville  and  Peru  Mills,  leaving  the  county 
;ilong  the  southwestern  line. 

The  southern  band  enters  the  county  east  of  Thompsontown  and 
extends  in  a southwesterly  direction,  crossing  the  Juniata  River 
near  Mexico  and  passing  tlirough  Pleasant  \Tew,  and  Honey  Grove 
and  leaves  the  county  near  Waterloo. 
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Tuscarora  Valley  area. 

North  of  Honey  Grove',  the  abandoned  Allen  (inarry  is  located  on 
the  south  think  of  the  most  northerly  of  tiu'  two  limestone  ridges. 
The  (piarry  lias  been  Imt  little  devoleeped.  Itealding  could  not  be  seen, 
but  farther  to  the  east,  tlu'  thin-luMlded  blue  limestom'  dips  into  the 
base  of  the  hill.  Tlie  strike  of  tlie  formation  at  this  point  is  N.  4-.')°E. 

The  bottom  layers  in  the  epiarrj'  are  veij  hard  and  somewhat  sili- 
c(‘ous.  Fossils  are  entirely  lacking.  The  middle  beds  ai'c  more  or  less 
crystalline  and  deep  blue  in  color.  Few  fossils  occur  iu  the  middle 
portion,  but  above  this  more  or  h*ss  crystalline  layer  the  beds  are 
highly  fossiliferous.  All  the  fossils  are  poorly  i»reserved.  Among 
them  are  crinoids,  corals,  and  a fmv  brachiojiods. 

The  old  Allen  quarry  is  probably  the  only  good  exposure  in  the 
western  end  of  the  valley,  lint  in  the  eastern  end  of  the  same  valley, 
the  abandoned  (piarries  in  Turbitt  and  tlie  adjoining  townships  show 
the  Ilelderlierg  veiy  well. 

The  lirst  quarry  iu  this  area  is  located  high  along  the  hillside 
about  one  and  one-half  miles  from  Tort  Koyal  on  the  road  to  Ickes- 
burg.  In  this  quarry  the  beds  appear  to  be  ipiite  massive  and  can 
be  followed  along  the  hillside  for  some  distance.  The  pike  cuts  across 
the  strike  of  the  formations  and  shows  them  to  be  ([uite  shaly.  A- 
long  the  road  from  Tuscarora  Cri'ck  to  the  main  highway  from  I’orr 
lloyal  to  Ickesburg  32  different  layers  were  counted  in  a thickness 
of  three  feet. 

The  second  (piarry  is  located  along  the  same  hillside  about  half 
a mile  east  of  the  road  forks  and  here  the  rocks  have  apparentlv"  the 
same  attitude  as  in  the  lirst  quarry — strike  N.  ti!,i°F.  and  dip  42°  NW. 
The  lower  layers  appear  to  be  more  or  less  rotten  and  gnarlj'  but  a 
deep  cut  along  the  hillside  farther  down  the  dip  revealed  massive 
beds  of  a blue  gray  to  a gray  fossiliferous  limestone.  There  is  con- 
siderable clayey  matter  jiresent. 

A kiln  at  the  base  of  the  hill  shows  signs  (tf  having  being  recently 
operated. 

About  400  yards  farther  east  and  along  the  south  side  of  the  road, 
about  10  feet  of  strata  are  exposed.  They  show  practically  the  same 
lithological  features  and  attitude  as  noted  above. 

Along  the  south  side  of  the  road  near  llertzler’s  store  there  is  an 
(excellent  outcrop  of  the  TenimuHtcH  lual  and  tin*  exact  jiosition  of 
the  Ilelderberg  can  be  seen.  Several  rods  to  the  east  is  a quarry  in 
the  Shriver  chert  member,  and  still  fartlnu'  east,  the  Oriskany  is  ex- 
l>osed  in  the  railroad  cut  of  the  Tuscaroi-a  ^’alley  railroad. 

This  formation  can  be  traced  across  tlu'  .luniata  River  about  one 
mile  lielow  iJIexico  station  where  it  was  studied  in  Ihmner’s  quarry. 
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lu  tliis  quarry  tlie  main  mass  of  rock  has  been  extracted  along  the 
strike.  Here  the  cut  is  50  feet  wide  and  runs  practically  due  east- 
west.  The  rock  for  the  most  part  is  used  for  township  road  work  al- 
though the  immediate  community  is  also  supplied  Avith  burned  lime. 

The  Hamilton  quarry  is  one  and  one-half  miles  farther  east  and 
shows  a thin,  platy  formation  with  beds  aA^eraging  six  inches  to 
three  feet  in  tliickness.  But  as  in  the  Benner  quarry,  the  better 
grade  of  stone  has  been  remoA^ed. 

Mifflintown-McAllisterville  area. 

This  area  is  about  tAAmBe  miles  long  and  Avhen  Ausited  but  one 
quarry  AAurs  in  operation.  There  are,  hoAA"e\"er,  eight  abandoned 
quarries  in  the  area  Avhich  is  located  in  Lost  Creek  Valley  and  the 
quarries  liUAe  been  deAudoped  in  A\diat  is  locally  knoAAm  as  Firestone 
Kidge.  This  ridge  is  a AA’estAvard  continuation  of  Chestnut  Eidge  of 
Snyder  County. 

On  the  road  from  McAllisterAulle  to  Cocolamus,  the  Lennart  quarry, 
noAv  abandoned,  sIioaa’s  tAA  O layers  of  a rather  hard,  blue  limestone, 
about  25  feet  thick.  Included  in  the  formation  near  the  base  is  a 
G-inch  ledge  of  shaly  material.  The  rocks  dip  about  15°  SE. 

Across  the  creek  there  are  three  abandoned  quarries,  Emey,  Hoff- 
man and  Erisman-Smith.  These  AAmre  shut  doAvn  but  AA^ere  to  be 
operated  in  the  folloAAdug  spring  and  summer.  There  are  four  old 
kilns  on  the  lAi’operties  and  the  people  say  that  quarries  in  this  sec- 
t'on  date  back  to  1797. 

The  upper  laj^ers  in  the  Erisman-Smith  quarry  sIioaa^  a flinty  OAmr- 
burden  and  are  made  up  of  grayish,  impure  limestone  AAdiich  con- 
tains feAA'  fossils.  Directly  beneath  this  grayish  limestone  there  is  a 
l)lue  limestone  about  15  feet  thick  OA^erlying  a more  massiAm  and 
l>lacker  limestone  Avliich  reaches  a thickness  of  about  12  feet.  This 
latter  rock  breaks  AAdth  a distinct  glassy  fracture.  Beneath  it  the 
limestone  becomes  someAAdiat  siliceous. 

The  Slagle  and  Lighter  (formerly  the  Land’s)  quarries,  are  on  the 
south  side  of  the  ridge  along  the  road  to  East  Salem.  Both  have  been 
abandoned. 

The  Slagle  quarry  shoAvs  about  25  feet  of  a shaly  and  slaty  blue 
limestone.  It  has  long  been  abandoned  but  the  Lighter  quarry  is  oc- 
casionally AYorked.  In  the  latter,  about  40  feet  of  dark  bhie  to  blue- 
black  limestone  is  exposed.  The  quarry  is  about  100  feet  long.  Some 
fhiorite  is  present  and  the  rock  is  siliceous. 

FolloAving  Lost  Creek  eastAvard  along  the  northern  flank  of  Fire- 
stone Eidge,  one  comes  to  the  Foulkrod  quarry.  This  Avas  the  only 
quarry  in  operation  cUiriug  the  summer  of  1921,  Avhen  the  study  Avas 
made.  Here  the  anticlinal  arch  of  the  valley  can  be  seen,  the  south- 
ern flank  being  Avell  exposed  at  the  east  end  of  the  quarry,  which  is 
aboiTt  65  feet  high  and  about  100  yards  long. 
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Four  kilns  on  tin*  ]iro|HMly  were  producing'  I'i  tons  of  liinr  ;i  \V(‘ck 
in  Hdl.  Tin*  s(‘H’ng  ]»ricc‘  of  lime  \\;is  llnm  87  a Ion. 

Section  c.ri)Oscil  ill  the  Foiilkrod  (iKarni. 

ICeyser  limestone: 

SImly  limestone,  not  yood  for  lime  

nine  to  Idaek  limestone,  shattered 

Him*  ^ray  limestone,  very  haial  

Hlnisli  hhn-k  limestone  i“([narry  roek"i,  v(*ins 

The  rocks  dips  40°  SE  and  (inarryhi”  is  simplilied  hy  the  slnttter- 
iny  the  rocks  have  snlTered. 

In  that  portion  of  the  Lost  Cre(*k  Valley  where  the  limestom*  belt 
broadens  ont  ;i  (piarry  has  been  oju-ned  and  then  abandoned.  The 
operator  was  a Air.  Htonffer.  The  beds  e.\pos(*d  are  pr;ictic;illy  the 
same  as  at  the  Foiilkrod  oiH*ration. 

MIFFLIN  COUNTY. 

The  llelderberg  liim*stom*s  of  Alifllin  (’oiinty  were  studied  only  in 
a few  jilaces  in  the  coni-se  of  the  present  investigation,  (tonsiderable 
(bita  have  been  taken  from  lb*];ort  Fd  of  the  l’;*nns\ivania  Second 
(leolojiical  Survey.  These  limestones  extend  entirely  across  the  east- 
ern portion  of  the  county  in  two  nairow  bttnds  that  /dg-zag'  in 
[daces  due  to  intricate  folding.  Tln*re  :ire  ttlso  a few  outliers.  The 
itortliern  belt  runs  in  a ratln  r straight  line  through  I*ecatnr  Town- 
ship to  the  Eerrv  Townshii>  line  where  if  turns  eastward  a mile  due 
to  a synclinal  fold.  It  th(*n  turns  sonthwestward,  and  crosses 
Ivishacmpiillas  Creek  and  continues  to  the  11  nut ingdon  ( 'onnty  line 
a short  distance  below  Alt.  Fniom 

The  southern  band  is  more  regular.  Entering  from  Snyder  C'ounty, 
it  [tasses  sonthwestward  forming  :i  valley  in  which  the  towns  of 
AVagner,  I’aintersville,  Alaitland,  LcAvistown,  tsfrodes  Alills  and  AIc- 
A'eytown  are  located.  It  crosses  Juniata  Liver  a short  distance  be- 
low Hamilton. 

Along  the  Kishaco(iu.'llas  Creek  near  Lewistown  two  divisions 
were  noted  liy  the  g(‘ologists  of  the  Second  (.leological  Snrvi*y.  Tim 
upi»er  is  about  140  feet  thick  and  consists  of  flaggy  argilhiceons 
limestones  that  have  b(*en  ([iiarried  somewhat  for  building  [inrposes. 
Some  lime  has  been  made  from  them  but  it  is  of  ]ioor  (piality.  The 
lower  inembei’  about  185  f(*et  tliick,  ;s  com]M)sed  of  more  massive 
beds  of  blue  limestone  and  has  been  called  the  Lewistown  limestone 
by  the  Second  Geological  Survey.  This  niemb(*r  has  been  ipiarried 
extensively  for  lime  and  in  the  ])ast  for  fnrmua*  11n.\.  (*s]iecially  the 
np]ier  00  feet  that  represents  the  best  grade. 


Feet. 

,s 

40 
1 .1 
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li(‘es:de^‘  has  studied  tliis  i-ej^ion  iu  detail  ami  lias  ]»uhlislied  the 
following  section. 

Section  on  K ishacoqnillas  Pike,  at  Mount  Rock,  Lewistowii. 

I felderbei'g  limestone:  Thickness 

New  Scotland  limestone  member:  iijt  fpet 

l/mestone,  very  dark,  impure,  tissile  3.0 

Shah*,  weathei-ed  brown,  very  tissile;  contains  some  bands 

of  very  dark  imjmre  limestone  10.4 

Lini(*stone  in  two  beds  (12  and  9 inches)  separated  by 
shale  (9  inches),  line  grained,  blue-gray,  crystalline  ..  2.5 

Linu'stone.  single  bed,  light  gray,  cherty,  tine  grained; 
sonu*  calcite  cleavage  faces  show;  doi's  not  scratch 
hammei- 2.C 


18.5 


Coeymans  limestone  member: 

Shale,  weathered,  brown  .6 

Limestone,  single  bed,  light  gray,  cherty  2.3 

Shale,  weathered,  dark  gray,  calcareous;  limestone  bands 

and  large  nodules  1.5 

Limestone,  massive,  sandy,  crystalline,  blue;  some  black 

chert  nodules;  very  tough,  hard  rock  6.2 


Keyser  limestone  member; 

Limestom*,  dark  gray,  line  grained,  thin  bedded  

Linieslom*,  massive,  dark  gray,  line  grained;  conchoidal 

tract  lire 

L inestone,  shaly,  yellow,  weathered  

Limestone,  massive,  dark  gray,  impure,  line  grained;  con- 
choidal fracture  

Shale,  weathered 

Limestom*,  light  gray,  solid,  tine  grained;  conchoidal  frac- 
ture   

Linu*stom*,  ]>laty,  dark  gray,  impure  

('onc(*aled  

Limestone,  ]>laly,  light  gray,  impure,  tine  grained;  con- 
choidal ti-actnre  

('onceah*d  

Limestom*,  ini])nre,  platy,  yellow;  weathered  much  and 

poorly  e.xposed  

Limestone,  platy,  impure,  weathered,  yellowish  

Limestom*.  massivi*,  light  graj' ; conchoidal  fracture 

Limestone,  thin  b(*dded  (2  inches),  dark  gray;  conchoidal 

fracture  

C(»nceaU>d  

Limestom*,  banded;  conchoidal  fi*acture  

Conc(*aled  


10.6 

1.0 

2.0 

1.0 

2.5 

2.0 


1.0 

3.0 

5.1 

2.0 

6.2 


3.8 

4.0 

1.5 


16.6 

.5 

1.0 


suiceside,  J.  B.  .Jr..  Helderberg  limestone  of  Central  Pennsylvania:  U.  S.  Geol.  Survey  Prof. 
Paper  108,  pp.  212-214,  1918. 
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Tliicknes.s 

IvfVs;(.‘r  iiiuestniie  iiU'nilHT — rontimied.  in  feet. 

Liiu(‘sTom‘,  very  'ni]nii-(‘ 2.0 

Liiiu‘sl()ii(‘.  thin  l)t‘(l(lcMl.  lim*  yi"iim‘d.  d;irk  ;j,r;iy,  inn>nr(‘, 

poorly  (‘.\|m)S(m1  4.0 

l>ini(‘stom‘.  iniimi-o,  d;iik  yr;iy.  Iliin  l»(‘dd(‘d,  lim*  inraiiu'd  4.2 

('oncoa  h'd  o.!) 

Idni(*ston(*.  V(‘i-y  slialy.  with  imian-  liiu'  yrained  liglit-gray 

l)aiids 2.8 

Lini(‘.stoiH‘,  very  coarsely  nodular  (4  (o  0 inclicsl,  light 

lilu(‘-gray;  concliodal  fi-actnrc.  Shale  h(d\veen  nodules  2.2 

Linu’stoinn  thin  bedded,  blue-gray,  crystalline  2.9 

iamestone,  massive;  in  pait  light  blue-gray,  line  grained; 

in  ]iart  suherystalline  2.4 

Liniestom*.  thin  beddt'd  (2  to  0 inelu'Sl,  line  grained,  light 

bluish  gray;  coueho'dal  fracture  T.l 

Lini(*stone,  inquire,  shaly,  alternating  with  hanler  layers, 

each  in  about  0-iueh  c(mrses  3.4 

('oneeah'd  4.2 

Limestone,  shaly.  imjuire,  v ith  hard  layers  (»f  more  re- 
sistant i-oek  1.7 

Linu'stone,  dark  gray  erystalliiu'  o.l 

Liim*stone,  thin  bedded  (1  to  0 inehesl,  I'ght  l)lue-gray, 
line  grained,  impina*;  has  shale  lamimn*  between  the 
lay(U-s  and  s(*veral  small  lenses  of  bi’own  weathered  chert  5.8 

Limestone,  massive,  nodular,  impure,  dark  gray 8.2 

Limestom*,  massive,  dai-k  gray,  inpuire,  not  very  nodular  4.1 

Shale,  weathered,  yellow  0.5 

Limestone,  vtuy  nodular,  im|mi'e,  shaly,  gray;  many  of  its 

fossils  are  siliciliecl  2.4 


Limestone,  massive,  sonu'what  nodular,  dai-k  gray,  sub- 


ei-ysta nine,  inpmre  2.8 

Limestomn  very  nodnlai-,  impure,  dai-k  gray,  weathered  1.8 
Limestone,  massive,  not  nodular,  dark  gniy,  coarsely  cry- 
stalline   1.0 

Limestone,  nodniar,  impure',  weatln*i'('d ; bastard  linu'- 

stoiie  with  occasional  thin  lenses  of  Idack  chert 2.0 

L'mestone,  ci-ysta II ine,  elark  blue,  thin  beebb'd,  with  shaly 

lamimu*  2.0 

Limestone,  cryslalline,  dark  blue,  ]>ure,  massi\’(‘,  not  no- 
dular   1.9 

Limestoiu',  w (‘atlu'i'ed,  vc'ry  uodulai-  4.4 

Limestom*,  nnissive.  blue*  gray,  coai-st*.  ci-ystalline,  crin- 

oidal  ; weathers  thin  beebb'd  iii  iipjeer  ])ai't  9.4 

Linu'stone.  single  massive  lu'd.  pure',  elark  gray,  e-eearsely 
e'rystalline'  ami  e'l-'neeielal  in  ]»ai't;  line  graiueel  anel  curly 

in  other  jearts  0.2 

liime'steeiie*.  ueeelular,  im]>iire*,  weathere'd;  e-i-ystalline  em 

fre'sh  frae'ture  auel  blue-gray  .9 


157.9 
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Thickness 


Tomiioway  limestone  in  feet. 

Ijimestone,  rather  massive,  tine  grained,  pure,  dark  gray, 

almost  a blue-black;  couchoidal  fracture 6.4 

Limestone,  tb  n bedded  (J  inch);  much  like  unit  above, 
but  less  massive  and  resbstant;  looks  fairly  solid  where 

entirely  uiiw  eatliered  ; ])ure  13.4 

Limestone,  solid-looking,  heavy  bedded,  gray 5.0 

81iale,  W(“atliered  .5 

fjimestone,  fairly  solid,  gi'ay,  in  three  beds  (18,  12,  12  in.) 

separate<l  by  shale  3.5 

Limestom*,  gray;  weatlu*rs  into  small  blocky  fragments 

and  has  a somewhat  nodular  appearance . 4:.0 

Limestone,  tbin  bedded,  gray  2.0 


Lewistown  area. 


34.8 


The  limestones  have  been  most  extensively  quarried  near  Lewis- 
lown  and  l)etwc(m  Lewistown  and  Iteedsville.  In  this  vicinity  the 
Logan  Iron  and  vSteel  Company  formerly  worked  a large  quarry 
that  contained  60  feet  of  excellent  stone  for  flux.  A partial  analysis 
gave  the  following  results;  SiOo  1.580,  ALO3  1.004,  FCoOg  .237, 
I’  .016. 


One  mile  north  of  Lewistown  the  Mifllin  County  Lime  and  Stone 
Co.  is  o})erating  a ipiarry  to  obtain  stone  for  agricultural  lime  and 
for  I'oad  metal.  .V  canisiderable  jiart  of  the  stone  is  high  in  silica. 
Nearby  the  Lew  stown-lteialsville  Trolley  Co.  is  working  a quarry 
in  the  same  beds  for  crushed  stone  for  concrete  and  highway  cou- 
sti'uction.  Most  of  the  stone  is  excellcmt  for  this  purpose  as  it  is  hard 

and  tough  and  certain  beds  are  siliceous.  There  are  a feAV  shaly 
beds  ]>resent. 

At  and  near  Alaitland  Gap  several  quarries  have  bee]i  Avorked  for 
lime.  At  the  quarry  of  John  Goll  six  samples  taken  from  the  65- 
foot  thickness  of  good  stone  in  massive  beds  gave  the  folloAving  re- 
sulls  Avheu  analyzed  l)y  the  (kunbria  Steel  Co.; 


AnahjHv.'i  of  lieldcrbcr<i  H)iie-stoiic  near  Maitland  (lap. 


OaCOa 
AlgOOa 
SiO'2  . 
•A  I jO.-!  I 
Pe=03l 

S 

1^  


Range 

Average 

94.77  to  97.00 

90.00 

1.03  to  1.90 

1.51) 

0.70  to  2.26 

1.15 

0.40  to  1.01 

0.70 

0.02  to  0.12 

0.045 

0.004  to  0.009 

0.000 

These  beds  ov(U‘lain  by  shaly  limestone  and  underlain  by  shaly 
chert^'  limestom*  rli]>  into  the  hill  and  could  only  be  Avorked  exteu- 
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lively  bj'  uiidergi-ouiid  milling.  The  same  beds  are  exposed  all  Tlie 
way  to  Paintersville. 

W'estward  the  Helderberg  limi'Stones  have  been  quarried  in  many 
[daces  between  Lewistowii  and  MeA’eytown  and  iii  fewer  places  in 
the  southwestern  corner  of  the  county  near  Hamilton. 

SNYDER  COUNTY. 

The  Helderberg  limestone  enters  iSnyder  County  on  the  Hanks  of 
ihe  iSeliusgrove  aieh  and  is  best  exposed  along  the  main  line  of  the 
Pennsylvania  Pailroad  below  Selinsgrove  Junction.  This  locality 
is  described  under  the  Xorthumberiand  County  area.  The  forma- 
tion runs  ill  a thin  liand  westward  through  tselinsgrove  and  3Iiddle- 
burg,  turning  to  the  southwest  through  Beavertown  and  ont  of  the 
county. 

The  southern  stri[>  runs  through  Preeburg,  Freemont  (Mt.  I’iea- 
sant  Mills)  and  Ivichiield.  A bit  of  limestone  is  exposed  in  the  area 
of  McKees  Half  Falls.  There  are  no  quarries  in  this  strip  which  is 
on  the  Dalmatia  axis. 

Selinsgrove  area. 

In  Penn  Township  directly  north  of  the  town  of  Selinsgrove,  the 
Pennsylvania  Lime  and  Stone  Company  operates  a large  quarry 
which  is  about  HUU  feet  long  and  (10  feet  high.  In  the  middle  portion, 
where  the  highest  elevation  is  reached,  numbers  of  nodules  were 
found. 

.Many  shale  beds  are  intercalated  A\  ith  the  good  limestone,  making 
it  quite  difficult  to  quarry.  A hard  siliceous  limestone  which  is  very 
hard  to  break  with  the  ordinary  blow  of  the  hammer  runs  uniformly 
through  the  quarry.  Upon  breaking  open  some  of  the  nodules,  which 
are  quite  numerous,  many  fossils  were  found.  These  were,  however, 
in  such  a mutilated  state  that  no  identilication  -was  attempted.  In 
the  west  end  of  the  quarry  the  rock  crumbles  readily,  breaking  with 
a glassy  fracture  under  the  least  blow. 

The  nodules  for  the  most  part  are  made  u[)  of  a heavy,  hard,  gray 
limestojie  which  is  enclosed  in  a rather  imjiure,  bluish  liim  stone. 
highly  fossiliferoTis.  Many  clay  seams  and  clay  pockets  are  found. 
Bedding  planes  are  obscured. 

Altliough  most  of  the  rock  is  burned,  this  quarry  was  su[»plying 
stone  for  the  State  road  from  Middlel)urg  to  Sel'nsgrove,  at  the 
time  of  our  visit.  The  quarry  which  was  opened  in  ISbl  turns  out 
about  SO  tons  of  crushed  stone  jier  day.  The  equi]uuent  consists  of  a 
jaw  crusher  and  three-size  trommel.  Mudcap[>iug,  st(»am  drilling, 
and  band  sledging  are  the  quariwiug  methods  employed. 
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Middleburg  area. 

There  are  two  quarries  in  this  area,  one  south  of  the  town  and  the 
other  northeast.  The  first  quarry,  opened  in  1919,  is  operated  by  D. 
J.  Stahl.  About  25,000  bushels  of  lime  are  burned  monthly.  The 
crushing  equipment  includes  a Jeffrey  crusher  and  tnrns  out  100 
tons  of  stone  per  day. 

Section  in  the  D.  J.  Stahl  quarry^  MiddJehnrg. 

Keyser  (lower)  limestone: — 

Thin-bedded,  blue-gray  limestcme  . . . 
l>ark,  gnarly,  tliin-bedded  limestone 
Blue-gray  limestone,  with  no  fossils  . 
llaid-gray  limestone  (road  material) 

The  quarry  face  is  about  45  feet  high  cvith  a 100  foot  breast.  It  is 
operated  Avith  compressed  air  drills  and  hand  sledges.  Gravity  trac- 
tion is  used  to  convey  the  cars  to  the  jaw  crusher. 

The  quarry  along  the  road  to  Selinsgrove  south  of  the  toAvn  is 
owned  by  Dr.  Zechman.  The  State  HigliAvay  Department  to  Avhich  it 
Avas  leased  has  installed  a i>ortable  crnshing  ]dant. 

Section  exposed  wt  the  Zechnian  quarry^  Middlehurg. 

Feet. 


Thin-liedded,  slialy,  fossiliferous  limestone  6.0 

Thin  streak  of  gnarly  limestone  0.5 

JlassiAT  limestone  10.0 


The  Zechman  (piarry  Avas  oi)ened  in  1895  and  is  about  24  feet  high 
and  100  feet  long.  The  output  is  200  tons  per  day. 

Lime  Ridge. 

This  ridge  is  formed  bA^  an  anticlinal  arch  Avhich  is  Avell  exposed 
in  all  the  quarries  near  the  toAvn  of  Preemont  (iMt.  Pleasant  Mills 
P.  0.)  The  ridge  runs  in  a soutlnvesterly  direction  for  about  ten 
miles.  It  is  bordered  on  the  north  by  Hiester  Valley  and  on  the 
south  1)A"  Firestone  (Flint)  Ridge.  The  only  Avorking  quarries  are 
in  the  Freemont  area  directly  soiRh  of  Mt.  Pleasant  gap  and  farther 
Avest  along  the  ridge  in  the  Rich  held  area,  Avhere  the  strij)  enters 
Juniata  County. 

All  the  quarries  of  the  Lime  Ridge,  grouj)  are  small  ones  of  about 
60  foot  frontage  and  40  to  60  feet  high.  All  are  on  ground  leased 
from  Mrs.- Cyrus  jArbogast. 


Feet. 

10 

15 

12 
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The  operators  along  llie  ridge  from  east  to  west  are,  George  f)ry. 
Irviu  Potteiger,  Irvin  Poyer,  who  operates  three  quarries,  iMrs. 
Joseph  Heim,  'William  Dresser-Aljiier  Hoffman,  Mrs.  Cyrus  Arl»o- 
gast,  and  John  Stock AVilliam  I’hilPps. 

Along  the  north  side  and  near  the  east  end  of  the  ridge  there  are 
many  abandoned  (juarries.  The  formation  ]dtehes  into  the  hill  on  a 
1)0°  SE  di])  and  nmintains  a strike  of  S0°E.  The  only  working 
(juarries  at  the  fine  of  the  \isit  were  the  Boyer  and  Pliilli])S-Stock 
(piarries. 

The  loAcer  beds  of  the  (juarries  aj)jiear  to  lie  in  good  stone.  They 
snjtply  two  kilns  In  the  Boyer  operation  and  one  in  the  Phillijis-Stock. 

Boyd'  quarry.  The  lower  beds  are  best  exj)osed.  The  stone  is  hard, 
grayish  blue  and  Ayeathers  to  a steel  gray.  An  estimate  of  the  thick- 
ness conld  be  made  only  by  measuring  the  cut  along  the  strike  Avhere 
the  stone  has  been  extracted.  This  cut  Acas  Jo  feet  Acide.  The  gray 
bed  is  interleayed  Avith  th'n,  dark  lieds  and  the  rock  breaks  Acitli  a 
fracture.  Some  of  these  Idack  rocks  sIioac  slickensided  surfaces. 
There  are  also  some  calcite  yeius  but  the  grayer  beds  contain  mnch 
yein  material.  The  gray  rock,  Avhen  massiye,  breaks  Ayith  a peculiar 
hat  surface  A\hich  is  not  unl'ke  a cleaA'age  jdane. 

The  ujijier  beds,  along  the  Ayestern  end  of  the  (jnarry,  haye  been 
greatly  shattered  along  the  axis  of  the  anticline,  shoAying  a some- 
Avhat  j)itted  surface.  There  are  numerous  calcite  yeius  paralleling 
the  liedding  jJanes.  The  surfac(^  is  about  S.')  feet  high,  lieing  quite 
shaly  and  liadly  Ayeathered  and  shoAys  much  clay  in  seams  and  in 
the  oyerburden. 

The  face  is  a long  continuous  one  including  the  second  quarry 
Ayhich  is  a feAA'  rods  to  the  AA’est,  and  AA'hich  has  been  abandoned.  The 
gray  rock  here  is  not  exjmsed  and  hence  could  not  be  measured. 

The  main  (juarry  rock  of  the  Boyer  ojieratioii  is  a thin,  bluish- 
black  limestone  Ayhich  contains  nnmerous  fossils.  Here,  the  AA'hole 
anticline  is  exjAosed  and  the  northern  beds  haye  a steej)  diji,  Ayhile 
the  dip)  to  the  south  is  only  slightly  j)ercej)tible.  Shaly  beds  and 
many  calcite  A'eins  are  in  eridence  along  the  northern  flank. 

The  (jnarry  is  bemg  driyen  along  the  axis  of  the  anticline,  as  by 
A’irtne  of  the  shaly  character  of  the  beds,  but  little  blasting  is  re- 
(juired  t(.)  dislodge  the  st(>ne.  The  cars  are  run  doAA'ii  a gra\’ity  jdane 
to  the  kiln. 

IMr.  Boyer  has  recently  drilled  a test  hole  and  linds  good  limestone 
for  a dej)th  of  15  feet.  Most  of  the  lime  in  this  quarry,  lioAceyer, 
burns  to  a jjeculiar  reddish  hue. 

The  fourth,  fifth  and  sixth  oj)eniTigs  haym  been  made  along  the 
same  line  of  outcroji  and  ha\'(i  been  long  al)an(loned.  The  seA'enth 
quarry  is  Ayorked  intermittently. 
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The  two  operated  by  J^hillips  and  Stock  were  active  at  the  time 
of  the  visit.  They  showed  a combined  face  of  300  feet  and  were 
about  30  feet  higli.  The  kilns  produced  approximately  300  bushels 
of  lime  per  day. 

Tlie  lower  beds,  Avell  shown  in  these  quarries,  are  about  20  feet 
tliick  and  made  up  of  more  or  less  massive  limestone.  The  layers  of 
this  massive  material  average  about  18  inches  thick.  These  in  turn, 
are  overlain  by  a shaly  limestone  which  reaches  a thickness  of  about 
8 feet.  There  are  many  calcite  veins  and  clay  pockets  in  the  beds  of 
this  quarry. 


UNION  COUNTY. 

The  Helderberg  limestone  outcrops  in  four  separate  areas  in  this 
county.  The  most  northerly  exposures  are  in  Gregg  township  Avhere 
the  band  has  an  east-Avest  course.  At  Lewisburg  the  foi’mation  loops 
around  a structural  basin  running  four  miles  Avest  of  the  toAvn  and 
SAvinging  back  eastAvard  across  the  Sus(iuehanna  River  tAvo  miles 
north  of  LeAvisburg.  This  same  str'j)  of  limestone  runs  east  to  Ber- 
Avick,  Columbia  County  and  then  SAvings  back  AvestAvard  entering 
Union  County  at  Winlield.  One  isolated  area  of  thin  limestone  in- 
chules  the  SAvengel  and  Mifliiid)urg  district. 

Gregg  Township. 

The  area  in  this  most  northerly  toAvnship  of  the  county  includes 
a part  of  the  White  Deer  Valley  and  has  but  one  Avorking  quarry. 
This  is  operated  by  GalloAvay  and  IMeek.  It  is  in  a synclinal  basin 
the  axis  of  Avhich  crosses  the  Avagon  road  about  four  miles  Avest  of 
AlleuAvood. 

A thin,  shaD  limestone  forms  the  north-northeast  Avail  of  the 
quarry,  and  a fairly  good  lime  is  obtained  from  it.  There  are  nu- 
merous reddish  clay  seams  in  the  overburden  and  also  in  the  over- 
lying  grayish  limestone,  Avhich  reaches  a thickness  of  40  feet.  This 
gray  limestone  is  underlain  by  a more  bluish  limestone  about  20 
feet  thick.  It  breaks  Avith  a distinct  glassy  fracture. 

Swengel  area. 

The  next  operation  visited  is  in  the  central  part  of  the  county. 
This  small  area  includes  the  toAvn  of  iMifflinburg  and  Avest  to  SAvengel, 
Avhere  the  limestone  pinches  out. 

At  SAA'engel,  there  are  numerous  small  ojAerations,  all  on  the  north 
side  of  the  ridge.  At  this  point  it  Avould  be  Avell  to  mention  the  fact 
that  the  economic  value  of  the  burned  lime  in  this  section  is  greatly 
lessened  by  the  “cut-throat”  methods  of  the  various  small  operators. 
Lime  Avas  sold  at  9 cents  a bushel  during  the  summer  of  1921,  AAdiile 
in  other  areas  Avhere  larger  o})erators  Avere  at  Avork,  lime  ranged 
from  17  to  28  cents  a bushel. 
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At  the  quarries  llie  men  eunstaiitlv  refer  to  I lie  su-ealleii  "liastard” 
limestone  a name  which  was  used  frequently  in  tin*  literature  during 
tile  time  of  Wliite.  I’iatl.  d’ Invilliers,  and  ctliers.  The  rock  is  a 
more  siliceous  limestone.  Here  tiie  so-calhal  ••hastai-d"  limestone 
overlies  tlie  good  lilack  limestom*  Avliicli  could  lie  easily  quarried  liy 
hmicliing  into  tiu‘  liill  in  tiie  loA\'er  portion. 

Tlie  o]»erators  from  east  to  west  are: — Knauss  Ih-otliers,  ('.  K.  Enid 
II'  (luarries).  .J.  ( (folcman.  ( E.  Enid,  ( 'Imi  lcs  Dorm  in,  C.  E.  Euid. 
D.  II.  (fatlierman.  and  tlu^  lownslii]»  iiuarry.  Tlie  ijuari-ies  working  at 
tlie  time  of  tlie  visit  included  the  Knauss,  Doianan,  and  townshi]) 
operations.  Tlie  outcrop  can  lie  traced  for  a quarter  of  a mile  along 
the  Idllside.  Tin*  (piai-ries  liave  lieen  in  o]»eration  foi*  tiie  ]iast  2d 
years.  The  tidal  out])uT  is  aliout  2d(H)  bushels  per  week. 

The  basinimit  rock  of  the  Swengel  quarries  is  a black  limestone 
with  some  calcit(‘  veins.  The  thickne.ss  could  not  be  estimated  be- 
cause of  the  overbui-den.  The  lowest  lied  being  workmi  is  about  4 
teet  thick.  It  is  i[uite  s liceous  and  is  overlain  by  a Thin-liedded. 
somewhat  shaly  rock  about  Id  feet.  Aiiove  this  shaly  b(>d,  a dark- 
blue  l.mestoiu'  occurs,  avIkcIi  in  places  is  somewhat  gray,  gi-ading 
into  a sludA  limi'stonm  ilany  ca\es  ha\e  bemi  brokmi  into  in  the 
course  of  quarrying. 

the  extrmue  western  outcrop  where  the  townsldji  i[uarry  is  located 
shows  I'mestone  to  a thickm^ss  of  2d  IVet.  For  the  most  part  it  is  a 
grayish-blue  limestone,  weathering  butt  and  showing  many  ].oorly 
preserved  fossils  on  tlie  weathered  surfaces. 


Mifflinburg  area. 


In  the  quarry  of  the  Limestone  Products  ('ompany,  which  is  on 
the  ridge  directly  south  of  the  town  id'  Mifilinliurg,  tlie  same  beds  as 
those  described  in  the  Swengel  area  are  found.  They  are  better 
exposed. 

Here  the  stoni'  is  crushed  for  road  materials,  and  sonii'  of  it  is 
burned  for  lime.  At  the  time  of  our  visit  the  cpiarries  of  the  district 
were  furnishing  stone  for  the  State  road  to  P.ellefontic 

e.rpo.sed  in  the  Lhiirstvnc  Products  Co.  ejnarn/. 


Keyser  limestone: 

Thill  bedded,  more  or  less  shaly  limestone 

Bluish  gra,v  hard  limestone  

iMiassively  liedded  limestone  

Blue  to  black  limestone  

Shaly  limestone ’ ’ 


Feet. 


10 

20 

30 

12 


Farther  west,  but  in  beds  reiiresented  by  W'ldte's  Lew  stown  lime- 
stone are  the  quarries  of  -T.  P.  Miller  and  the  abandoned  quarry  of 
Lnianiiel  Snyder. 
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Section  exposed  in  the  J.  P.  Miller  quarry. 

Feet. 

Shaly  and  thin-))edded  limestone  11* 

Massive  bine  limestone  10 

Hard,  siliceous  limestone 12 

Black  limestone  (tliickness  determined  by  diamond  drill)  ..  .35 

Section  exposed  in  the  Emanuel  Snyder  quarry. 

Feet. 

Slialy  limestone  in  very  thin  beds 10 

nine  limestone,  irregular  fracture 20 

Bluish  gray  limestone,  massive 20 

Blue  limestone,  smooth  and  good  quality 8 

Fine-grained  limestone,  two-foot  beds 6 

Gray,  shaly  limestone  in  base  of  qnar  IT 10 


Tlie  strike  of  the  rocks  in  this  locality  is  almost  due  east  and  the 
dip  24°S.  Grinoids  and  hrachiopods,  poorly  preserved,  Avere  found 
in  abundance  in  the  Snyder  quarry.  The  Miller  quarry  shows  large 
joint  planes,  many  clay  seams  and  pockets. 

Winfield  area. 

The  Winfield  quarry  is  about  half  a mile  southwest  of  the  town 
of  Winfield.  It  is  the  largest  operation  in  the  county  and  one  of 
the  largest  visited  in  the  entire  study  of  the  Helderberg.  The  quarry 
is  about  a quarter  of  a mile  long  and  the  face  reaches  a height  of 
100  feet.  The  beds  pitch  steeply  to  the  south  at  an  angle  of  54° 
and  strike  N 84°E. 

The  output  when  visited  was  1200  bushels  of  lime  per  Aveek  and 
as  needs  arise  the  quarry  has  a total  capacity  of  750  bushels  daily. 
There  is  a battery  of  15  kilns  on  the  property. 

Section  exposed  in  the  Winfield  quarry. 

Feet. 


Shaly  limestone  6 

Thin,  massive  limestone,  beds  10  inches  and  thicker  27 

Massive  seamy  limestone 8 

Massive  blue  limestone,  srdid  beds 5 

Grayish  blue  limestone,  in  thin  beds 8 

White  to  bluish  limestone  6 

Shelly  limestone  6 

Thin  beds  of  blue  limestone  3 to  6 inches  thick 5 

Blue  limestone  of  good  qiiality 3 

Thin  beds  of  blue  limestone  ■ 7 

Smooth  blue  strata  Avith  thin  slate  in  center 8 

Good  blue  limestone  10 


The  so-called  “bastard’’  limestone  constitutes  the  series  from  the 
shelly  beds  upAvard. 


At  an  abandoned  qnaiTy  lVi>  aiiles  west  of  W'inlicid  tin*  I'ollowing 
section  was  oliserved. 

Section  in  quarry  IV2  miles  west  of  Winfield 

Bine  beds,  generallj"  nnder  one  foot  in  thickness 

“Bastard’’  shelly  limestone 

So-called  ‘‘plaster’’  beds  

NORTHUMBERLAND  COUNTY. 

The  Helderberg  limestone  first  appears  in  the  northern  part  of 
this  county  about  three  miles  south  of  the  northern  border,  just 
north  of  the  town  of  Dewart,  on  the  Susquehanna.  Its  course  is  a 
general  southeastern  trend,  passing  south  of  Turbotville,  to  the 
Montour  County  line.  Then  it  swings  back  and  follows  a soutli- 
western  trend,  outcropt)ing  all  along  Limestone  Eidge,  particularly 
in  the  neighborhood  of  Limestoneville,  and  continues  westward  to  the 
south  side  of  Milton.  It  turns  back  in  Union  County  and  follows 
the  north  side  of  Montour  Mountain  from  Montandon  eastward. 
Another  belt  is  continuous  across  the  county  from  near  South  Dau- 
\ ille  to  the  river  just  north  of  Northumberland. 

Another  strip  of  outcrops  of  the  Helderberg  is  found  2 to  3 miles 
south  of  Sunbury,  and  still  another  between  Dalmatia  and  Urban. 

The  limestone  of  the  Upper  Salina  is  in  places  difficult  to  dilf(‘r- 
entiate  from  the  true  Helderbergian  series  and  in  some  instances  is 
included  in  the  series. 

The  chief  quarries  in  the  county  are  in  the  Turbotville,  Herndon, 
and  Dalmatia  areas.  These  quarries  were  all  operating  during  the 
summer  of  11)21  and  most  of  theii-  jiroduct  is  burned  liim\  although 
a great  deal  of  the  material  was  used  as  ballast  on  State  liighways 
then  under  constniction  in  the  vicinity  of  the  quarries. 

Turbotville  area. 

The  town  of  Turbotville  in  L(>wis  townshi]i,  011  the  Ib'i-wick  Branch 
of  1h(‘  I’ennsylvania  Eiiili-oad,  is  ihe  chief  (pmny  ai-ea  of  the  coiinly. 

The  limestone  ranges  from  a dark,  rather  slaty  limestone  belong- 
ing to  the  Tonoloway  formation  to  the  more  massive  and  fossilifer- 
ous,  and  in  places,  nodular  limestone  of  the  Keyser  formation.  At 
various  localities  the  Keyser  formation  was  seen. 

The  following  quarries  were  visited:  A.  P.  Yerg,  Cyrus  Ceissingm*, 
Showers,  Evans,  and  the  abandoned  Williamson  quarries. 

The  A.  P.  Yerg  quarry,  operated  for  the  Horst  Construction  Com- 
pany of  Chicago,  is  about  75  feet  high  and  about  300  feet  long  and 
has  but  a few  inches  of  overburden.  Mud-capping  and  hand-sledging 


Feet. 


t; 
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are  the  methods  used  in  this  quarry.  About  25  men  were  employed 
during  the  busy  season.  A motor-dump  conveyor  was  used  to  carry 
the  blasted  stone  to  the  crusher.  The  quarry  output  is  about  175 
tons  of  crushed  stone  per  day. 


Section  exposed  in  the  A.  P.  Yerg  quarry. 

Keyscr  limestone;  Feet. 

Shaly  limestone,  beds  from  one  to  three  inches  thick 7 

Bluish  gray  limestone  beds  ranging  from  1 inch  to  4 feet 

iliick  10 

“Cement”  beds,  dark  blue  to  black 6 

Gray  to  grayish  blue  limestone 20 

Dark  blue  to  black  limestone  used  for  road  ballast  15 

Tonoloway  limestone : 

Shaly  and  platy  limestones ? 


Small  fossils,  weathered  casts  and  calcite  veins  were  found  in 
abundance  in  the  weathered  upper  portions  of  the  quarry. 

The  Cyrus  Geissinger  quarry,  which  is  approximately  60  feet  high 
and  fully  500  feet  long,  is  directly  over  the  hill  south  of  the  Yerg 
operation.  The  overburden  is  deep.  The  limestone  is  practically 
the  same  as  in  the  Yerg  quarry.  The  chief  bed  is  a very  dark  to  al- 
most black  limestone  which  has  a characteristic  glassy  fracture  and 
is  about  15  feet  thick.  It  is  made  up  of  beds  that  average  a foot  in 
thickness.  A bed  called  “niggerheads”  overlies  the  black  limestone 
and  is  about  eight  feet  thick.  It  corresponds  with  the  so-called 
•‘cement”  beds  of  the  Yerg  quarry.  Above  the  “niggerheads”  is  one 
feol  of  shaly  limestone.  This  latter  bed  contains  many  shale  laminae. 
The  shaly  beds  alternate  with  a bluish  to  gray  massive  limestone. 
The  rock  weathers  to  a buff  yellow.  No  fossils  Avere  found.  Most  of 
the  ])i‘oduct  is  burnt  for  lime. 

The  quarries  for  the  most  part  shoAV  an  upper  limestone  Avhich  is 
(|uite  shaly  and  in  some  places  quite  sandy.  The  beds  average  about 
one  to  two  inches  thick  and  make  up  a total  of  six  feet.  It  overlies 
a massive,  blue-gray  limestone  which  is  directly  above  a harder  and 
more  massive  layer  of  blue  limestone.  This  latter  has  been  erron- 
eously termed  a “cement”  bed  by  the  district  quarrymen.  It  does 
not  prodiice  good  lime. 

Under  the  so-called  “cement”  bed  the  blue  gray  limestone  comes  in 
and  represents  the  Stormville  of  White.  This  is  j)robably  the  middle 
Keyser  of  Reeside.  It  is  directly  above  tlie  blue  and  flaggy  I’mestone 
of  tlie  Geissinger  quarry,  and  is  present  also  in  the  abandoned 
Williamson  quarry  Avhere  samples  for  chemical  analysis  Avere  ob- 
tained. The  analyses  shoAved  92  per  cent  calcium  carbonate  Avitii 
less  than  3 per  cent  magnesium  carbonate. 
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Milton  area. 

The  liiiiestoiie  <in:ti-rTHl  here  is  also  the  Tuiioluway,  and  is  found 
on  the  north  slope  of  the  Milton  sidj-axis.  It  is  not  (jnite  as  pare  in 
this  particular  locality.  Because  of  this  fact  most  of  the  (piarries 
o])ened  in  this  area  have  been  abandoned.  The  ones  that  have  con- 
tinned  operation  are  crnshing  the  inateival.  The  only  qnarry  'work- 
ing during  the  sninmer  of  19:11  was  the  Milton  borough  ([iiarry. 

The  n[)per  portion  of  the  borough  (piarry  shows  a very  crumbly 
limestone  and  contains  some  thin  beds  of  massive  pure  ]imest(Uie. 
On  tracing  this  bed  across  to  a neighboring  quarry  it  was  found  that 
the  i^troinatopoi'd  bed  appeared,  hence  this  quarry  is  in  the  Keyser. 
To  the  north  end  of  the  quarry  the  ])laty  and  shaly  beds  of  the  Tono- 
loway  a])pear.  There  are  numerous  clay  veins  and  pockets,  as  well 
as  much  cave  material.  There  are  also  many  calcite  veins. 

Borough  of  Milton  quarry.  The  main  ])art  of  this  (piarry  is  being 
driven  into  a shaly  limestone.  The  lower  jiart  of  it  is  hard  and  black. 
Above  this  black  bottom  layer  there  is  a grayer  rock  which  lireaks 
into  tine  pieces,  somewhat  angular,  and  with  a glassy  fracture.  This 
bed  is  eight  feet  thick.  It  in  turn  is  overlain  by  a more  or  less  choco- 
late-colored bed  of  about  the  same  thickness.  This  bed,  however,  is 
more  massively  bedded. 

Between  the  three  massive  lieds  the  rock  is  quite  shaly,  and  the 
beds  are  from  one  to  two  inches  thick.  In  the  u])per  part  of  the 
quariw  the  rocks  are  deeply  weathered,  which  ju-obably  is  res]mnsible 
for  the  shaly  ajipearance  of  the  beds.  Clay  jiockets  u]>  to  one  foot 
thick  appear  in  the  rocks.  Calcite  veins  are  quite  numerous.  From 
all  ap[)earances  the  quarry  is  along  the  southern  outcro])  of  the  lleld- 
erberg. 

Pick  and  shovel  methods  are  used  in  the  qnarry  and  the  caving  of 
overlying  rock  by  means  of  undermining  in  the  clay  seams,  makes 
the  cost  of  operation  <;[uite  low. 

There  are  a few  quarries  on  the  road  from  iMilton  to  Limestone 
IFdge.  In  one  of  these  which  was  ojierated  some  years  ago  by  Natt 
(Temmens,  the  weathered  Btromatopora  lied  stands  out  in  excellent 
ndief.  This  (piarry  supplied  the  entire  neighliorhood  and  furnished 
stone  for  several  kilns.  It  was  ojiened  in  1900. 

The  Milton  borough  quarry  is  along  the  same  line  of  strike  as 
the  CTemmens  quarry  but  higher  in  the  formation.  The  Stromato- 
pora  bed  is  not  visible  in  the  former  (luarry. 

There  seems  to  be  a regular  alternation  of  massive  and  thin- 
bedded  limestone  throughout  the  entire  region.  These  shaly  lime- 
stones separate  the  darker  limestones  from  the  gray.  The  gray  beds 
are  decidedly  hardei-  and  more  massive.  The  average  shaly  beds  seem 
to  be  about  10  inches  thick  and  make  up  a total  of  10  feet.  They  are 
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best  seeu  along  the  eastern  end  of  the  quarry  wliere  they  grade  into 
a powdery  yellow  rock,  which  Is  quite  sandy.  No  fossils  were  found 
and  the  fact  that  the  IStroiiiatopora.  bed  occurs  below  this  and  the 
alternating  beds  leads  the  writer  to  tlie  conclusion  that  this  is  the 
upper  Keyser  of  Keeside  and  the  old  Stormville  of  AVliite. 

At  Selinsgrove  Junction  below  iSunbury  there  is  a line  exposure  of 
the  Helderb(‘rg.  lieeside'^*  lias  jmblished  tlie  following  detailed  sec- 
tion of  this  locality. 

Sr<tioii  of  soil, Hi  ,siilc  of  u iitirHiiiiI  axis  at  tteliiisiji'ove  J aactioii.’ 


Thickness 

( >riskan3’  forniation  : in  feet 

iSandstone,  cherty,  lijie  grained,  ferruginous  J.O 

Concealed  10.9 

ISandstone,  cherty,  line  grained,  ferruginous  7.1 

ConceahMl 

Limestone,  dark  gray  line  grained,  very  arenaceous; 

nuuKU-ous  1-ineh  chert  lentils  12.0 

Shale,  dark  brown 

Limestone,  dark  gray  line  grained,  very  arenaceous; 

numerous  1-inch  chert  lentils 12.0 

Shale,  veiw  sandy;  breaks  into  flat  fragments;  dark  gray 

to  chocolate-brown  5.4 


54.4 

Heidelberg  limestone 

New  Scotland  limestone  member ; 

Limestone,  vei-y  inif)ure,  dark  gray,  mottled  with  jmllow; 
weathers  into  small  irregular  fragments  some  of  which 


are  siliceous  8.6 

Lime  shales,  dark  gray,  with  a few  thin  limestone  layers; 

weathers  to  thin  laminae 35.8 

Limestone,  massive,  ciystalline,  arenaceous,  dark  gray  9.0 
Limestone,  in  large  nodules  (diameter  6 to  8 inches)  em- 

bedd(Ml  in  a shaly  matrix  4.2 


57.6 

Coeymans  limestone  member: 

Limestone,  fairly  massive,  coarse,  blue-gray,  arenaceous, 
interbedded  Avith  layers  of  black  chert  3 to  4 inches 
thick;  joint  ])lanes  sliow  large  imjierfect  crystals  of  cal- 


cite  and  quartz  3.6 


3.6 

Keyser  limestone  member: 

Limestone,  thin  bedded,  (1  to  3 inches),  blue,  line  grained  5.5 
Limestone,  blue,  line  grained,  with  conchoidal  fracture; 
courses  6 to  12  inches,  se])arated  by  about  the  same 
thickness  of  gray  calcareous  and  arenaceous  shale 6.9 


cit.,  pp.  220-224. 


Tliiekiiess 

IvcYser  limestone  immiber — Continuetl.  in  feet. 

Shale,  yellow  1.4 

Limestone,  hea\y  bedded,  massive,  impure,  light  gray  iu- 

distinetly  laurnated  IS. 3 

J^imestone,  medium  beddt'd,  impure,  light  gray;  a few 
layers  very  shaly  and  weathered;  toward  upper  part  the 
bedding  t)lanes  wcmthei-  out  clearer  and  rock  is  lami- 
nated; not  distinctly  set>arated  from  underlying  unit  17.1 
Limestone,  thin  bedded  (1  to  2 inches)  ; some  layers  cry- 
stalline, tuire,  Idue,  fossiliferous ; others  imt)ure  and 

skaly  3.5 

Limestone,  iinely  crystalliiu*,  light  bluish  gray,  in  two 

solid  Ixals  se[>arated  by  S inches  of  shaly  limestone  ...  3.2 

Limestone,  [)ure,  tine  grained,  thin  bedded  (3  to  8 inches), 
blue;  breaks  with  conchoidal  fracture,  though  a few 
layers  are  ]da1y  and  impure;  layers  are  separated  by 

thin  shale  ",  J.S 

vShale,  weathered,  yellow  1:11  ul  with  small  lenses  of  crystal- 
line blue  limestone " . . . . 2.1 


Limestone,  medium  bedded  (10  to  12  inches)  line  grained 
blue,  with  conchoidal  fracture;  jdaty  in  parts;  a ftwv 


fossiliferous  lenses 7.S 

Limestone,  very  shaly,  light  gray  to  yellow,  with  a few 
thin  ]Mire  streaks " 


Limestone  in  '■]  to  b inch  courses  set»arated  by  about  18 
inches  of  lime  shales.  The  shales  are  light  gray  to 
yellow;  the  limestones  are  in  part  tine  grained,  in  part 

crystalline.  Layer  with  much  t»yrite.  0.0 

Idmestone.  extremely  massi^a';  nodular  character  not 
nearly  so  distinct  as  in  the  unit  beloYw  coarse  crystal- 
line lenses  alnindant <).0 

Limestone,  extremely  massive*,  nodular,  dark;  nodules 
]>ure;  matrix  e.trthy.  gray;  Ixisal  2 feet  has  in  many 
])laces  a rude  columnar  structure  and  is  not  nodular; 

u])pe]'  2 fee  t only  faintly  nodular 13.0 

Limestone,  impure*,  neeeluhar;  leieeks  sanely  but  ceentains  nee 

sanel ] o 

Ijimesteene.  rather  he*a\y  beebleel.  blue-gray,  ultli  e^eenchee- 

idal  fi-acture;  imdulai-  char;icte*r  lu-emeeunced .’Ll 

Limesteene,  thin  leeddeel,  eetherwise  like  the  unit  above 3,2 

Limestone,  very  imelular.  thin  beddeel.  line  graineel,  elai'k 


1.0 

Limesteene,  very  noelulai*,  more*  e>r  less  imjuire,  elark  gr-avn 
Some  benches  mue-h  nnere  sluely  than  the  remainder  and 

\seather  leack  faster'.  Xe>  eether  beebling  neeticeable 10.1 

Limestone,  nealular.  ehirk  gray,  line  gi-aineel;  inijuire  leeok 
ing  eui  fresh  fracture;  in  places  inseparable  from  the 
unit  below,  but  a])parently  not  a stromatoieoroid  bed.  .'!.() 

]dme*ste)ne.  niaele  uji  entirely  eif  streematoporoiels 0.0 

Limestone,  very  noelulai-,  tine*  graineel,  thin  beebleel,  bluish 

gray.  Lryozeea  Ihreeughout O.O 

Limestone,  single  l)eel,  dark  gray,  line  grained  witlr  con- 
e'lioielal  fracture;  very  distinct  along  exposure;  not 
nodular  i) 
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Thickness 
in  feet. 

Limestone,  thin  hedded,  (hick  gray,  nodular,  impure 2.5 

Limestone,  massive,  hiue-gray,  somewhat  nodular;  bounded 

where  measured  hy  ])rominent  bedding  ])lanes 6.0 

Limest(uie,  thin  bedded  (1-inch  courses),  with  shaly  lam- 
inae between  the  layers;  very  nodular.  Some  layers 
dense,  bluish  gray,  conchoidal;  others  suhcrystalline ; 

others  earthy 15.1 

Limestone,  like  the  unit  above  hut  somewhat  less  nodular.  5.2 
Limestone  like  the  above  two  units  l)ut  less  nodular  still.  . 3.8 


Tonoloway  limestones : 

Limestone,  massive,  dark  gray,  coiichoidal,  tine  grained; 

((uarried  for  lime 

Limestone,  thin  bedded,  imdinm  gray,  tine  grained,  with 

conchoidal  fracture;  (juarried 

Limestone,  solid,  dark  gray,  with  conchoidal  fracture; 
((uarried  just  behind  some  old  limekilns  hy  a long  cave- 
like 0])ening 

(’oncealed 

Limestoiu',  handed,  dark,  impure;  has  a veiy  noticeable 

rude  columnar  structure 

Limestone,  dark  gray,  hssile,  I'anded;  contains  large 
geodal  calcite  masses.  Tn  some  parts  a line  reticulated 
structure  weathers  out,  due  perhaps  to  silicihcation 

along  close  joints 

Limestone,  light  gray,  siliceous,  knotty 

Limestone,  ratluu-  ])laty,  crystalline,  light  gray;  many 
stringers  and  spots  of  calcite  and  some  small  geodes; 

W('ath(*rs  to  thin  laminae 

Limestone,  fairly  ])urt*,  dark  gray,  tine  grained,  conchoMal; 

in  thin  lenses  sej'.arated  by  v(u-y  shaly  ini])nre  layers.  . . 
Liim'stomg  very  light  gray  to  yellow;  impnia*;  conchoidal 

fracture;  a])])art‘ntly  not  much  weathered 

Limestone,  oolitic,  siliceous,  dark  gray  

Shale,  laminated,  light  gray;  thicker  layers  very  light  gray 

on  fresh  fracture 

Lay(‘r  <^f  irregnlai'  geodal  calcitt’  masses 

Shale,  laminated,  light  gray 

la'mestone.  fairly  massive,  dark  gi-ay,  fine  grained;  con- 
choidal fracture 

Limestone,  ])laty,  dark  gray 

Limestone,  light  gray,  knotty 

Limestomy  very  platy,  laminated;  light  gray  on  weathered 
snrfac(‘:  dark,  imi)ure,  earthy  on  fresh  fracture;  some 

layer-s  finely  crystalline 

Tumestone,  light  gray;  handed  on  wea1hei-ed  siirface;  dark, 
conchoidal,  resinous  on  fresh  fracture;  solid  bed;  very 

fine  grained 

Limestone,  mostly  concealed  by  taliTs 

L’lnestone,  handed,  gray;  bi-e.-dcs  into  thin,  papery  frag- 
ments  
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4.8 

3.0 


8.2 

4.0 

14.4 


17.0 

1.0 


10.0 
6 . 5 
3.0 


11.2 
. 5 
0.8 

8.2 
1 .0 
3.0 


4.8 

3.2 

10.0 

4.0 
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T]iiekiK‘ss 
in  feet. 

InmestoJie.  1);iihI(‘(1.  Yellowish  o..') 

Shale,  yellow,  weatliere;! 2.0 

laniestone,  massive,  haiuled,  li^ht  ^i-ay G.l) 

Shale,  lirown,  wealhertal l.S 

Limestone,  hlne,  samly-lookinji',  massive;  apparently  very 

impure:  breaks  into  ina'gnlar  fragmeiiTs 7.h 

( 'oncealed  to  the  level  of  tin'  railroad  at  the  axis  of  the  anti- 
eline,  about  dr)  fet-t • 


Dalmatia  area. 


ldS.4 


This  area  of  limestone  is  lenticular  in  shape,  outcropping  in  a 
valley  about  threeapiarters  of  a mde  wide  and  six  miles  long.  The 
limestone  cro[)S  out  in  an  almost  east-west  direction  for  about  six 
miles.  It  is  the  eastern  end  of  a canoe-shaped  structure.  About  half 
a mile  north  and  across  the  mountain  .there  is  a somewhat  similar 
outcrop  of  the  Ilelderberg  but  it  is  of  lesser  dimensions. 

In  the  second  strip  are  located  the  (piarries  of  Ileljcr  and  Urban, 
but  none  were  in  o[)eration  during  the  reconnaisance. 

About  half  a mile  north  of  the  town  of  Dalmatia,  formerly  called 
Georgetown,  is  the  altandoned  quan-y  of  Elmer  IJadel.  The  growth 
of  weeds  shows  that  it  has  not  bemi  used  for  some  time.  In  this 
([narry,  however,  the  northern  think  of  the  anticline  is  seen.  The 
rocks  are  butt  to  blue,  and  rather  imjiure.  The  beds  are  somewhat 
massive  and  are  about  4b  feet  thick,  llm-e  again  the  so-called  “Bas- 
tard limestone”  of  White  appears.  It  is  Mb  feet  thick. 

Between  Dalmatia  and  Hickory  (,'orners  theia*  are  several  aban- 
doned quarries  most  of  v hich  are  bi-nsh  grown  and  contain  aliandoned 
kilns.  The  (piarries  of  a 4Ir.  Long,  William  Phill'jjs  and  one  otlu'r. 
the  owner  of  which  could  not  be  ascertained,  are  on  tin*  southern 
flank  of  the  anticline.  The  (piarry  of  Elias  Bhilli])s  is  across  tin' 
vall(*y  on  the  north  side  and  has  been  abandoned. 

The  largest  abandoned  operation  scam  in  the  valley  is  the  old 
(inarry  waich  was  worked  by  Mr.  Sieman  and  Bhilii»  Klinger.  It  is 
on  the  north  side  of  the  valley  and  is  about  bOO  feet  long  in  an  east- 
west  direction.  .\t  the  extreim*  A\'(‘stern  end  of  the  (piarry  the  lieds 
dip  7.5°  from  the  Dalmatia  axis.  Due  to  the  tremendous  shattering 
along  the  axis  the  beds  ajijiear  to  be  quite  thin.  Tln^y  are  well 
weathered  to  a dull  yedlow.  These  beds  arc"  about  2.')  feet  thick  and 
abound  with  poorly  ] (reserved  fossil  forms. 

Above  this  band  of  shattered  limestone  tlieia'  are  veins  of  ]»ur(‘ 
\\'liite  calcite  whch  can  be  traced  throughout  the  valley.  Si'veral 
fossil  zones,  including  the  ('lioneici^  jersci/eiiftis  zone,  were  found  and 
these  siHuned  to  alternate  Avith  the  calcite  veins. 

About  tAvo  feet  above  the  last  fossil  horizon  there  is  a rather  gnarly 
bed  of  limestone  Avhich  breaks  into  angular  pieces,  and  AAliich  is 
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scantily  fossilifcrons.  The  Chonvtes  jerseyemls  zone  and  the  Stroma- 
topora  bed  of  the  Keyser  are  exposed  in  this  abandoned  working.  To 
the  east  the  caleite  veins  lose  their  parallelism  and  their  characteris- 
tic cross-cutting.  Enins  of  twelve  kilns  are  on  the  property. 

Many  small  operators  were  at  work  in  the  Dalmatia  area. 

On  the  road  to  Maiulata  (Hull  Run),  across  the  valley  and  beyond 
the  school  Injuse  on  the  right  side  of  the  road,  is  the  quarry  of  Mr. 
llepner.  About  a (tuarter  of  a mile  farther  east  there  is  another 
Ilepner  ([uarry.  Hotli  of  these  (piarries  have  been  worked  along  the 
strike  and  show  the  thickness  of  the  good  limestone  to  be  about  40 
feet. 

The  beds  here  di[)  about  5:»°  AW  and  strike  A 82°  E.  The  beds  at 
the  western  end  of  the  quarry  are  gray  and  have  numerous  calcite 
veins.  This  limestone  is  underlain  by  a grayer  limestone  which  is 
more  massive  and  contains  many  calcite  veins.  Some  t)urple  fluorite 
was  found  hen*.  Some  of  the  ujiper  beds  show  graphitic  slicken- 
sided  surfaces. 

Along  the  southern  end  of  the  qnarry  there  is  a broad,  flat  face  of 
black  limestone  which  also  shows  excellent  slickensided  surfaces. 
This  marks  the  contact  t>f  tin-  Keyser  and  the  Tonoloway  formations. 
It  is  a distinct  contact. 

This  ])articnlar  (pmrry  is  ojierated  by  Edward  Hepner  and  was 
fornuu'ly  the  ju-operty  of  (labriel  Adams,  who  opened  it  in  1842.  Mr. 
lle]»n(>r  burns  about  2500  bushels  of  lime  a month. 

About  a (juarter  of  a mile  farther  north  along  the  road  to  Maiulata 
is  the  quarry  of  the  elder  JIe])uer.  It  is  in  the  same  ridge  as  the 
Urban  quarries  and  along  the  same  line  of  strike  as  the  other  Hep- 
ner (piarry.  It  shows  practically  the  same  features  as  the  former 
excejit  that  tin*  rock  tends  to  become  more  massive  and  breaks  with 
a characteristic  glassy  fracture.  The  elder  llepner  was  intending  to 
install  a pulverizer. 

The  Dalmatia  axis  crosses  the  Eennsylvauia  Railroad  A^orthern 
Central  Division  north  of  the  town  of  Dalmatia.  It  is  oi;e  of  the 
typi'  localities  chosen  by  Reeside.®” 

Section  1 mile  south  of  Dahuatia 

Thickness 

ll(dderberg  limestom*:  in  feet. 

A(w  Scotland  lum'stom*  member: 

Concealed  by  wasli,  tilled  with  yellow-brown  oclimw  shah* 

and  much  chert 0.4 

Shale,  oclu  ry  yellow,  tissile,  line  grained 1.5 

('oncealed  int(*rval:  clay  and  soil  tilled  Avith  fragments  of 
weathered  brown  ochery  shale  and  sandstone:  a little 
chert  obsei'ved 13.7 


21.0 


»'->Op.  cit.,  IH>.  2]7-li20 


Tliiekiirss 

( 'o('yin;ms  limestoiK*  iiu'IiiImm- : in  f(“et. 

Lini(‘st()iu‘,  coiii-sc*,  dark  liiaiv,  vciy  sandy;  wnatiun-s  lo  rn- 
scinl)l(*  a brown  brrnginons  sandstone;  contains  black 
clnnd  hnitils;  no  fossils  obsmnaal L’.O 


I\eys(‘i-  linu“ston(‘  incinbtn'; 

Idnurstoin*.  banded,  lint*  oi-aim-d,  with  conchoidal  fracture, 
in  2 to  f inch  layi-rs.  si-parated  by  same  thickiL(*ss  (d' 
weatlier(*d  yellow  shale;  contains  mair  top  some  hu-ge, 
irre!.itilar  curly  masses  (18  inches  in  diameter),  which 

look  somewhat  like  Str<)ni<(to/ior((  

Limestone,  blne-!tiay,  conchoidal  line  grained,  in  fonr  lay- 
e]-s  (8,  10,  d,  10  inches)  separated  by  ]»laty  yelloAvish 

limestoiK' 

Limestom*,  bamhd,  tine  giained,  extremely  platy,  yellow 
on  weathered  surface,  light  gray  on  fresh  fractnia';  cal- 

cite  seam  at  to]) 

Limestone,  bine-gray,  line  grained,  conchoidal,  thin  bed(h*d 
lb  inches)  ; sratK  rs d lentils  of  black  cln'rt  (1  incli  thick 

and  18  inelns  long)  ; calcit(‘  sheid  at  118.0  and  to]) 

Limestone,  blnish.  tine  graimal;  conchoidal  fiandnre;  in 
thin  lay(*rs  (1  to  d,  inches),  with  slnile  laminae  between; 

calcite  sheets 

Limestomn  very  ini])nre,  dark,  shaly;  carrit's  irr(\gnlar 
lenses  (2  to  d inches  in  diametm-)  of  ])iire  blnish  lime- 
stone; in  bnlk  ahont  Imlf  of  each;  weatlnns  to  a light- 

gray  color;  calcite  seam  near  base  and  at  to]) 

Limestone.  ])nre.  thin  beddenl.  tim*  grained,  blnish  gray; 

conchoidal  fractni-e;  sonu'  fossiliferons  lenses 

Limestom*,  coaise,  bine-gray,  ciystallimn  in  irregular  2 to 
d inch  layers  with  light-gray  shale  laminae  between;  cal- 
cite sheet  near  to]) 

Limestom',  shaly,  wiatheia'd,  ini]:ni-e,  dark  gray;  contains 
a few  ])ni-e  crystalline  streaks;  calcite  sheet  near  to]).  . . 
Limt'stone.  coaise,  ci-ystall iiu',  blnish  gray,  profusely  fos- 
siliferons  

Limestone,  solid,  inpmre.  dark  gray;  wenithers  yellow;  con- 
tains many  strc'idvs  of  ]>nre  lirn'-gi-a im*d  limestone;  cal- 
cite sheet  at  to]) 

la'inestoiu',  coarse,  crystalline,  bine-gray;  Aveathi'rs  light 

gray;  ])rofnsely  fossiliferons 

Inmestone,  ini])nr('.  rnedinm  gray,  line  grained;  weathers 
brown  and  has  a number  of  thin  conchoidal  ])iir('r  len- 
ses which  weather  light  gray;  cab-ite  sln'ct  at  basi*; 

solid  unit  as  a whole 

Ivimestoiu',  bine,  crystalline,  in  lensi's  1 to  2 inches  thick, 
with  irregular  shaly  layers  between;  shale  Aveathei-s  yel- 
low; limestone  gray 

Limestone,  in  fonr  layers;  bine,  conchoidal,  tine  grained; 
crystalline  fossilibn-ons  sti-eak,  shah*  lamina(*  between 
layers 


2.0 


lO.d 


2.0 

12.1 


0.0 

1.7 


• > o 
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Thickness 
in  feet. 

Shale,  calcareoiis ; light  gray  and  yellow  on  weathered 
snrface,  dark  gray  on  fresh  fracture;  has  a diagonal 
“shear”  parting  and  is  interleaved  with  numerous  thin 

beds  of  pure  blue-gray  crystalline  limestone 4.0 

Limestone,  solid,  blue,  line  grained;  conchoidal  fracture; 
apparently  very  juire ; calcite  sheets  at  to[),  at  base,  and 

in  middle 2.6 

Sliale,  calcareous;  light  gray  and  yellow  on  Aveathered 

surface,  dark  and  fresh  fracture 6.5 

Limestone,  solid  but  impure ; dark  gray  and  fine  grained 
on  fresh  fracture,  but  very  light  gray  and  yelloAV  on 
Aveathered  surfaces;  calcite  seam  at  top  Avith  a slicken- 

sided  surface 3.0 

Shale,  calcareous,  very  platy  and  papery;  Aveathers  yelloAV- 
ish  and  light  gray;  contains  a number  of  solid  but  im- 
])ure  limestone  layers  (2  to  6 inches  thick)  ; shaly  parts 

shoAv  much  diagonal  “shear”  parting 7.5 

Shale,  calcareous,  light  gray,  Avith  diagonal  “shear”  part- 
ing  5 

Limestone,  massive,  someAvhat  nodular,  impure,  dark 

gray,  Avith  several  crystalline,  fossiliferous  seams 3.0 

Limestone,  single  layer,  finely  crystalline,  light  bluish; 

conchoidal  fracture : calcite  seam  at  top .3 

Limestone,  massive,  someAvhat  nodular,  impure,  dark  gray, 

Avith  several  crystalline  fossiliferous  seams 4.0 

Limestone,  single  layer,  finely  crystalline,  light  bluish ; 

conchoidal  fracture;  4/2  inch  calcite  seam  at  top .4 

Ifimestone,  massive,  dark  gray,  crystalline,  not  distinctly 

nodular;  fossils  shoAV  on  Aveathered  surface  sparingly.  . . 2.2 

Tfimestone,  massive,  nodular,  impure,  dark  gray,  coarsely 
crystalline  layers;  calcite  seams  persistent  parallel  to 


bedding 8.1 

Limestone,  massive,  nodular,  impure,  medium  gray;  nod- 
ules pure,  matrix  impure  and  shaly.  Favosites,  in  large 

heads,  abundant  in  loAver  7 feet 12.8 

Limestone,  massive,  nodular,  impAire,  much  like  unit 

above;  calcite  seams,  12.3 

Limestone,  massive,  nodular,  dark  gray,  impure ; 1/2- 
inch  seam  of  calcite  at  base;  when  AA^eathered  looks  thin 

bedded 5.8 

Limestone,  massive,  nodular,  dark  gray;  conchoidal  frac- 
ture  5.5 


139.8 


TonoloAvay  limestone ; 

Limestone,  dark  gray,  pure,  crystalline;  solid  bed;  shoAvs 
a.  rude  columnar  character  in  places;  has  everyAvhere  one 

or  tAvo  1/2-inch  calcite  seams  at  base 3.2 

Limestone,  thin  bedded  (1  to  3 inches)  ; beds  do  not  seem 
to  separate,  and  unit  looks  rather  massive;  dark  gray 
fine  grained,  conchoidal  in  part;  crystalline  in  part; 
very  pure 20.4 
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Tliickiu'ss 

Tonoloway  limestone — coiitiinied.  in  feet. 

Limestone,  thin  bedded  to  0 inelies).  dai'k  ;;r;ty,  in  ]);irt 

coarsely  erystalline 1.7 

Limestone,  massive,  dark  gray,  erystalline 4.7 

Limestone.  inijnii'e-Iooking,  dark  gray,  landed;  mneli  very 
line,  disseminated  ]>yrite;  pnrei'  than  the  next  Iowan- 

unit 2.0 

Limestone,  imjnire,  gritty'-it)oking,  dark  gray,  with  a 
nonneed  diagonal  ])ar1ing;  looks  as  it  it  had  laa-n 


sheared 2>  ■ (i 

Limestone,  massive,  banded,  ])nre,  daik  gray:  shows  eol- 

nmnar  structure 2.4 

Limestone,  shaly,  dirty  gray;  irregnlar,  diagonal  “shear” 

parting;  1 inch  of  calcite  at  base .b 

Limestone,  massive,  bamhal,  ]nir(‘,  gi-ay:  shows  colnmnai- 

strnctnre  in  ]>laces 4.7 

Limestone,  alternating  shaly  and  pure  in  1 inch  courses  .0 

Limestone,  massive,  dark  gray,  ]nir(>,  banded .8 

Limestone,  same,  not  banded .0 

Limestone,  massive,  dark  gray,  i)ure,  banded  1.7 

Limestone,  dirty  gray,  sandy-looking  b;it  contains  no  sand; 
show's  evei-ywhere  an  irregadar  diagonal  ])arting  as  if  it 

had  been  sheared  .7 

lumestone,  ]»nre,  ])laty,  dark  gray 1.0 

Limestone,  very  massive,  blue-gray;  shows  no  banding.  ..  :!.2 

Linu'stone.  ])ure,  very  ])laty'.  laminatial;  has  some  geodal 
calcite  layers:  shows  distinct  rude  columnar  sti-nctnre 

in  places ti.O 

Limestone,  piire.  dark  gray,  line  grainml;  conchoidal  frac 

ture 1.0 

Limestone.  ]>ure,  dark  gray,  very  ])laty  aiid  laminated  ....  1.0 

Limestone,  light  gray,  tine  grained;  coiu-hoidal  fracture: 

has  black  layers  wliicli  mottle  its  fracture  sui-faces .8 


Limestone,  jilaty,  dai-k,  impure,  ]>assing  into  weathered 
yellow'  calcareous  shale  above 


Limestone,  ])ure,  thin  laalded  (3  to  0 inches  i,  blue-gray.  . . 1.0 

Shale,  calcareous,  weathered,  yellow  with  sonn*  geodal  cal- 
cite layers  and  sev(»ral  thin  linu'stone  str('aks 0.7 

Lime.stone,  fairly  ]mre.  but  thin  beddful  and  ]»laty (!.2 

Limestone,  im]nire,  banded.  ])laty,  light  gray:  curly  layei- 
near  base  contains  small  radiating  masses  of  stronti- 

anite 2.2 

Shale,  w'eathered.  yellow .0 

Limestone,  curly,  dull  gray,  tine  gi-aiiu'd,  with  Tiiuch  dis- 

semiiiated  pyrite  .2 

Limestone,  heavy,  blue-gray.  ]uire,  line  grained:  shows 

some  banding 3.0 

Limestone.  ini])ure,  shaly-looking : weathers  into  thin  lam- 
inae; pei-haps  a little  ]uirer  in  middle  3 feet 12.0 

Limestone,  i)ure,  dark  gray,  thin  bedded  (1  to  2 inches)  . . .0 

Limestone,  impure,  shaly.  dark  gray 1.5 

Limestone,  fairly  ])ure,  dark  gray,  thin  bedded  (1  to  2 

inches) 2.5 


102.4 
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Stone  Crusher  area. 

The  Susqiiehaiuia  Stone  Company,  trading  under  the  name  of  the 
Williamsport  Stone  Company,  has  a large  (piarry  at  Stone  Crusher, 
on  the  east  bank  of  Snsiiuehanna  Iviver  about  half  a mile  north  of 
the  Daupliin-Xorthumberland  line.  The  Oriskany  formation  Avhicdi 
borders  the  railroad  lias  been  cait  through  and  the  underlying  Held- 
erherg  exposed. 

The  blue-blaek  limestone  forming  the  base  of  the  ipiarry  is  slaty 
and  is  probably  Tomdoway.  It  is  regarded  as  a slate  by  the  men 
and  is  not  worked.  The  thiekness  eould  not  be  estimated  beeause 
of  the  covering  of  debris.  The  sequence  above  the  blue-black  limestone 
is:  a thin  limestone,  a th!n  layer  of  calcite,  a 4I-iuch  bed  Avhich  is 
badly  shattered,  a harder  gray  limestone  2.1  feet  thick  composed  of 
beds  that  average  from  two  to  eight  inches  in  thickness.  These  beds 
die  out  to  the  east.  Over  them  is  another  bed  Avhich  may  be  distin- 
guished by  means  of  lai-ge  nodular  jiiia-es  of  Tmestone,  some  of  which 
are  more  than  a foot  in  diameter.  IhdoAV  tlnun  the  rock  changi'S  and 
miich  calcite  vidn  material  appears. 

The  quarry  is  woi-ked  in  benches  tt)  Avhich  the  men  gain  access  by 
ropes  and  from  which  the  large  stones  are  throAvn  to  the  quarry  floor 
thus  breaking  them  up. 

MONTOUR  COUNTY. 

The  Helderberg  limestones  crop  out  in  tAVO  narroAV  east-Avest  bands 
a short  distance  north  of  the  Susquehanna  River  and  in  a loop  in  the 
vicinity  of  Washingtonville. 

Washingtonville  area. 

The  main  quarries  in  this  area  are  about  t.Avo  miles  south Avest  of 
the  toAvn  of  Washingtonville.  They  are  all  along  Limestone  Ridge. 
No  detailed  reports  of  these  quarries  are  available  Itecause  they  Avere 
not  Avorking  at  the  time  of  the  visit. 

The  largest  quarry  is  the  one  operated  by  Alex  Billmeyer.  It  is 
situated  along  the  north  side  of  Limestone  Ridge  formed  by  the 
southern  flank  of  the  iMilton  major  axis.  Here  the  limestone  beds 
are  from  one  to  three  inches  thick  and  are  quite  shaly.  These  thin 
beds  are  overlain  by  a someAvhat  shaly  and  sandy  soil  approximately 
four  feet  deep.  BeloAV  this  sandy  and  shaly  limestone  the  more  mas- 
sive limestones  occur,  and  here  the  thickness  of  the  individual  beds 
averages  six  inches.  The  total  thickness  of  the  massive  limestones 
is  about  35  feet.  The  strike  of  the  formation  is  N.  75°  E.  and  the  di]> 
is  18°  SE. 

Five  kilns  on  the  property  shoAV  signs  of  having  been  used  only  as 
the  farming  community  demanded  lime.  Practically  all  the  lime- 
stone extracted  from  the  quarries  in  this  area  is  burned. 
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The  Umpstead  (piarry  is  divectly  ()]>]»osiTe  llie  l’.il!m(*yei'  ■\vorkin<f 
and  is  in  in-actically  tlu‘  sann*  beds.  It  is  not  as  lar^c*  and  snpplit'S 
three  small  kilns. 

The  Coleman  (piarry  is  in  a narrow  valh'y  dne  east  of  the  otlnn' 
operations,  and  siipjdies  two  kilns.  This  (piarry  has  Ihhmi  in  o])eration 
for  only  a few  ycmrs  hnt  the  oi»enin^'  of  tin*  others  dates  liaek  to 
1800.  In  the  (piarry  the  rock  seems  to  he  (piite  thin  and  lla^gy  and  is 
dark  in  color.  It  is  most  likely  the  Tonoloway  member.  This  dark 
I'mestone.  overlain  by  a more  massive  him*  rock,  is  hard  and  has  a 
few  fossils  on  the  Aveathered  surfaces.  Some  limy  shales  near  the 
base  of  the  (piarry  .seem  to  grade  into  the  jiale.  green  shales  of  Salina 
age. 

In  the  Bright  quarry,  the  lowest  member  is  also  the  Tonoloivay 
and  it  is  about  30  feet  thick.  It  is  in  dii“ect  contact  Avith  the  so- 
called  “Bastard”  limestone. 

About  half  a mile  north  of  AYashingtonville  along  the  road  to 
StraAA'berry  Bidge,  there  are  several  abandoned  quarries.  These  be- 
longed to  Messrs.  Moser  and  Schultz  and  Avere  abandoned  on  ac- 
count of  flooding.  They  had  been  Avorked  steadily  until  1910  AAdien 
an  underground  stream  Avas  struck.  Flooded  coudilions  reuderi'd  a 
detailed  investigation  imjiossible. 

Grovania  area. 

Xear  the  eastern  line  of  the  county  ab/iig  the  southern  band  of 
I'lnestone  Avhich  lies  east  of  Danville  in  Montour  County  is  the  old 
CroA’e  quarry,  uoav  operated  by  Alonzo  (Mauser.  The  ojierator  had 
leased  a portion  of  the  (piarry  to  the  'Winton  Construction  Company 
Avhicli  Avas  building  a jiart  of  the  State  road  through  the  section. 
This  company  Avas  concerned  chieily  Avith  the  “Bastard”  limestone 
of  lYhite,  Avhich  makes  a highly  suitable  road  material. 

l/on.A'er  qiKU  i ii. — The  basal  beds  of  this  (piarry  Avork(‘d  by  Alonzo 
iMaiiser  for  burning  lime  represent  the  dark,  slaty  TonoloAvay.  Some 
of  the  beds  are  bluish  gray  and  others  are  black  Avith  numerous  cal- 
cite  veins  giving  them  a “layer-cake”  apiiearance.  The  rock  breaks 
Avith  ease  and  has  a slaty  fracture  Avhich  is  similar  to  slaty  cleav- 
age. Most  of  the  beds  are  about  half  an  inch  thick  and  are  ex]K)S(*d 
for  a total  thickness  of  (it  feet.  They  grade  upAvard  into  a blue-gray 
limestone  Avhich  :s  capped  by  a thin  streak  of  calcite.  The  overlying 
12  feet  consists  <d'  a grayer  and  more  massive  linn'stone.  Tln'se  beds 
are  sejiarated  from  the  overlying  “Bastard”  limestone,  Avhidi  is 
about  2.J  feet  thick,  by  another  shaly  member.  Tin*  “Bastard”  linu'- 
stone  comes  to  the  base  of  the  ([iiarry  to  the  east,  and  here  it  is 
Avorked  liy  the  AYinton  Comjtany. 

Above  it  are  numerous  ledges  of  differently  colored  I'lnestones 
ranging  in  thickness  from  four  to  six  feet  and  dotted  Avith  abundant 
clay  seams  and  pockets.  There  is  also  miicli  transverse  calcite  veiu- 
ing  and  the  fossils  are  scarce, 
llm 
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About  125  feet  of  limestone  are  ex])osed  in  the  entire  quarry  which 
produces  approx'mateiy  125  tons  of  crushed  stone  per  da,y.  Mr. 
Mauser  burns  ap])roximaieiy  050  busluds  of  lime  eacli  week.  Steam 
drilling  ami  hand  sledging  are  tlie  methods  of  (piarrying  and  tin* 
stone  is  hauled  up  a stee])  incline  to  the  crusher.  The  face  of  the 
([uarry  is  1400  feet  long  and  the  lloor  is  about  OO  feet  Avide.  The 
Wintou  Company  is  operating  in  an  area  of  about  10,000  square  feet. 

Section  (if  (i roraiiid*^' 

'riiickness 
in  feet. 

Limestones  and  shales  of  undetermined  age,  )>ut  probably 

New  Scotland  and  Oriskany 110 

llelderberg  limestone : 

Goeymans  limestone  member : 

Sandstone,  coarse  (grains  1/lG  to  1/8  inch  in  diameter), 

Avhite;  base  lilled  Avith  crinoid  stems  and  other  fossils; 

contains  some  chert  3.0 

Keyser  limestone  member : 

Limestone,  irregular,  crinoidal,  dark  blue  1.6 

Limestom*,  compact,  light,  blue,  heavy  bedded;  conchoidal 

fracture  5.5 

Limestone,  lamina tetl,  Lght  graj^  to  yellowish,  platy.  Has 
some  solid  6-inch  layers  of  light-gray  rock,  but  for  the 

most  part  is  rather  shaly.  Barren  of  fossils  36.4 

Limestone;  a peculiar  pebbl}^  stromatoporoid  makes  up 

Avhole  of  rock  3.0 

Limestone,  blue,  pure,  Avith  many  transverse  calcite 
seams;  massive  and  someAvhat  nodular;  composed  al- 
most entirely  of  stromatoporoids ; has  1/2-inch  layer  of 

shale  at  top  3.4 

Shale,  yelloAV  2 

Limestone,  composed  almost  entirely  of  stromatoporoids  5.6 

Shale,  bine-black,  Avith  one  or  tAvo  limestone  layers  ....  4.6 

Limestone,  crystalline,  blue,  pure,  1.3 

Limestone,  crystalline,  blue,  pure,  many  transverse  cal- 
cite seams  8 

Limestone,  crystalline,  blue,  pure,  massive;  Aveathers  thin 
bedded;  has  much  black  shale.  Stromatoporoids  through- 
out   8.0 

Limestone,  crystalline,  blue,  pure,  massive;  numerous  trans- 
verse thin  calcite  seams;  Aveathers  thin  bedded  10.0 

Limestone,  heavy  bedded,  light  gray ; has  great  masses  of 

vein  calcite  6.0 

Limestone,  crinoidal,  relativel_y  impure 6 

Limestone,  1 ght  gray,  nodular;  much  shalier  than  the  beds 
beneath;  Aveathers  easily;  “Bastard”  limestone  of  the 

(piai'rynien  23.6 

Shale,  irregular  3 

Limestone,  irregulaily  bedded,  someAvhat  nodular,  dark 
gray;  courses  often  separated  by  shale  laminae 11.6 

122.5 

■"’Eeeside,  op.  cit.,  pp.  224-225 
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Toiiolowii y limestone : 

LiiiK'stoiie,  (l;irk  yi'Jiv,  inire;  coiiclioidai  fracture;  many 
li-aiis\  (‘I'sc  calcite  seams;  when  iinweatliei-ed  is  a mas 
sive  iiiiil  tlionyli  1-incli  bcddine,  s sliowii  in  tlu‘  np])er 
]iart  and  d-incli  beddinj;'  near  tlie  l)ase;  it  is  not  nodular 


or  platy;  shows  a i)crsistent  thin  shaly  layer  12.0 

Limestone,  lissile,  plaly,  dark  gray;  joints  have  yellow  dis- 
colored borders  lU.O 

Limestone,  lissile,  ])laty,  much  weathered  (5.0 

L niestone,  solid,  dark  gray,  banded  in  parts (5.0 

Limestone,  lissile,  platy,  much  weathered,  yellow;  fresh 
surface  is  dark  gray  4.3 


(’onc(‘al(Ml 38.11 


Mausdale  area. 

The  Mausdale  area  in  Valley  townshi})  has  but  one  working  quariw 
that  of  L).  J.  Crossley,  which  is  in  the  east  side  of  the  same  ridge  as 
the  abandoned  ([uarries  of  iMaus  and  Bright. 

After  removing  a small  quantity  of  overburden,  a pure  limestone 
was  uncovered.  The  beds  are  about  two  inches  thick  and  make  nj) 
a total  of  about  six  feet.  Lender  this  thin  material  a massive  blue 
gray  limestone  occurs,  full  of  calcite  veins.  There  are  also  many 
clay  seams  which  average  aboTit  three  inches  thick  and  seem  to  be 
regularly  alt(*ruated  with  the  limestone.  The  grayish  blue  limestone 
is  by  far  the  best  ipiai-ry  rock  in  the  locality.  It  has  very  little  ap- 
[larent  variation  in  (juality  and  structure.  The  clay  seams  often 
terminate  in  a shaly  and  slaty  foi-mation  which  is  si»liutery  and 
fragile.  This  (piari-y  is  owned  by  William  iMciMaliou,  and  was  for- 
merly o])ei-ate<l  by  ('haides  Look.  It  ha.s  jiroduced  1200  to  1100 
bushels  of  Line  ]»er  w(*ek  under  the  Crosshw  management. 

The  Russell  (piarry  is  across  the  ridge,  and  was  foinieidy  (quu-attal 
by  the  IMiiholelphia  and  Reading  ('oal  and  Iron  romjjauy  to  supply 
their  Danville  furnaces.  Here  the  chi(d'  formation  i.s  the  Tonoloway 
which  is  about  70  feet  thick.  The  chief  bid.  although  iua.ccessibh*  for 
close  study,  showed  tin*  platy  appeai-anec*  of  the  Tonoloway  and  was 
direct I3’  beneath  the  Stromatopora  bed  of  the  Ke.yser.  The  “Bastard” 
limestone  overlies  the  Stroniatopora  l»ed,  and  in  this  (piarrj'  is  ap- 
l»roximatel3’  20  feet  thick.  The  strike  of  the  rocks  hei-e  is  iiracticallv' 
the  east-west  strike  noticed  in  mau}^  cpiarries.  The  dip  is  V>~)°  8. 
The  (piari'3'  was  ojierated  along  the  I'm*  of  strike.  The  material  was 
used  chiefl}'  for  lime. 

Other  localities  visited  in  Montour  ('ounty  includ(‘d  the  Strickhu' 
(piariT  in  the  southeastern  jiart  of  Liberty  township.  This  quan-y 
IS  {)aidiall}"  in  the  Tonolowa.v  formation,  as  can  be  (‘asih’  r(*cogui/,ed 
1>3'  the  thin  and  tlaggy  asj)ect  of  the  beds  and  the  overl^’ing  massive 
Stromatojjora  bed  of  the  Ke^'ser. 
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COLUMBIA  COUNTY. 

The  outcrop  of  Helderberg  limestones  in  Columbia  County  is  in  the 
form  of  a long  loop  like  a hairpin  that  extends  from  Montour  County 
to  Berwick.  The  two  arms  are  approximately  parallel  to  each  other 
and  to  the  course  of  tlie  Susquehanna  Kiver  and  are  about  three 
miles  apart. 

Tliese  limestones  have  been  quarried  extensively,  es])ecially  in  tlie 
\iciiiity  of  liupert,  Espy,  Almedia,  and  Lime  Kidge.  Within  two 
miles  of  the  western  border  of  the  county  there  are  four  large  quar- 
ries. The  Summer  quarry  was  the  only  one  in  operation  during  the 
summer  of  1921. 

Al)out  70  feet  of  Touoloway  limestone  are  exposed  on  the  Avest 
side  of  Eck  quarry.  It  varies  from  a bluish-gray  pure  limestone  to 
a somewhat  impure  rock.  It  becomes  slialy  and  exhibits  the  typical 
blue-black  llaggy  asjiect  of  the  Touoloway  and  is  underlain  by  a 
liarder  grayer  rock.  The  same  succession  is  seen  in  the  other  quar- 
ries in  this  vicinity  and  also  five  miles  east  in  Lime  Eidge  where  a 
larger  quarry  face  iji  Lowe  Brothers’  quarry  made  a detailed  exami- 
nation possible. 

The  chief  0]ierators  in  the  Eidge  which  stretches  from  Blooras- 
burg  through  Es])y  to  Almedia  are  Lowe  Brothers,  Herbert  Huffman, 
Mr.  Hess  and  Mr.  Wooley. 

A ])erson  ent(*ring  tlu'  Lowe  quarry  from  the  east  sees  the  flaggy, 
blue  limestone,  Avhich  Aveathers  to  a bluish  gray.  It  is  abundantly 
fossilliferous.  This  limestone  forms  the  n])permost  member  of  the 
ridge  Avhich  is  uoav  lieing  ra])idly  Avorked  aAvay.  It  is  undoubtedly 
the  Keyser  member  and  is  the  old  Rtormville  of  White.  The  black 
shaly  liinestone  of  TonoloAvay  age  is  referred  to  by  the  quarrymen 
as  “black  stone.” 

Beneath  the  blue  limestone  Avhich  forms  the  top  of  the  Eidge,  a. 
Ihin,  hard,  sandy  ledge  six  feet  thick  inakes  its  appearance.  This 
ledge  is  undeidain  by  a very  hard,  impure  gnarly  limestone.  Because 
tliis  gnai'ly  limeston(“  lu-eaks  out  in  rudely  rectangular  blocks  it  is 
used  as  slabs  for  paving.  The  “Bastard”  limestone  AAdiich  occurs  be- 
neath it,  has  been  (piarried  and  sold  as  a building  stone. 

The  Sfromat(»])(»i'a  IumI  is  visable  in  flie  Wooley  (piarry  AA’hich  is 
directly  east  of  tlu'  LoAve  quarry.  It  is  thinly  laminated  and  shoAVS 
occasional  sandy  streaks.  Because  of  the  abundance  of  calcific 
material  scattered  throughout  the  limestone  it  has  been  referred  to 
by  the  quari'ymen  as  “bird’s  eye”  limestone. 

Loire  Brothers'  qiKiri-i/. — Tlie  upper  beds  of  the  quarry  are  shaly, 
gray,  fossiliterous  limestones,  i-anging  in  thickness  from  half  an  inch 
to  several  inches.  They  are  underlain  by  a black  shaly  bed  Avhich 
resembles  the  “black  stone.”  The  black  bed  is  about  15  feet  tbick  and 


is  uiidt'i'laiii  in  nnlnr  l y a soincwliat  sandy  layni-  S l'c(*t  lliick.  a 
unaidy  htal  (i  IVct  tliink,  llin  "liaslard”  1 iinnsrom*,  and  I lie  lda<’k 
Haji'gy  Tonoloway  wliicli  is  Inn-n  repi'(*sent(*d  liy  three  distinet  lillin- 
logic  nnits. 

The  (piarry  rnns  in  an  easl-^\■(.■sl  direetiun  along  tlie  outerop  ainl 
is  about  a (piarter  of  a mile  long.  It  is  worked  in  bench  fashion. 
The  total  output  is  abiiut  110(1  bushels  of  burned  lime  jier  day. 
There  are  11  kilns.  iMost  (;f  the  lime  is  sohl  to  tin*  Ihn-ag(Ui  Plaster 
Company  ^^hicll  opeiaites  on  an  adjacent  lot. 

//e.s-.v  qiinir/i.  Ahin’dla. — Tin*  iip]M'r  1hi-ee  fciO  of  this  (piany  which 
is  high  on  the  ridge  is  thin,  shaly.  i-oughly  laminated  beds.  Penealh 
them  is  a ojie-foot  bed  of  hluisli  limestone  with  numerous  calcite 
veins  and  a six-inch  h'dge  of  shale  below.  Under  the  shale,  tin* 
"Bastard”  limestone  shows  for  15  feel  and  is  tln^  chief  (piarry  rock. 

The  ([uarry  is  some  distance'  from  the  railway.  Tin*  crushed  mate- 
rial is  handl'd  down  the  hdllsidc  in  cai-ts  to  the  kiln. 

llrrlirit  Hiiffmd.n  r/nnn//.  - The  roid-;  in  die  Ilulfman  ipian-y  north- 
east of  Esiiy  is  rather  massiu'ly  bedded,  hard,  and  somewhat  sili 
ceous.  The  entire  thickness  of  limestone  that  is  cx])osed  is  40  fec't. 
The  beds  average'  from  thrc'c  inches  to  two  fcM't  in  thickness.  '\Vhei-c' 
]ni]-e  vein  calcite  is  found  it  is  usually  accom]caided  by  sizable  lum])s 
(d‘  sphalerite  and  ga.h'iia  and  tlu'  operator  edaims  to  have'  found  some 
native  coppei-.  An  old  adit  leading  to  the  galena  and  sjihah'rile 
workings  was  in  ]ioor  condition  and  did  not  pc'i-mit  an  e'xami nation 
of  the  rocks  lielow  thc'  surface'. 

The  Inird  and  massi\-('  limi'sione'  is  ma'idain  by  ;i  bc'd  of  slmly  and 
crumbly  lime'stonc'  about  six  fee-t  thick,  in  vhich  the  indi\idual 
layc'i's  a\’e*i-age'  four  to  six  inchc's.  d'his  crnml  ly  linu'stone'  cari-ies 
many  fossils,  and  is  somevhat  shaly  near  the'  base'  whe're*  a she'lly 
limestone'  apjie-ai-s.  51nch  ovei-burde'ii  ])i-eve‘nts  the'  Avorking  of  ihi' 
lowe'r  jiortions  of  the  epmri-y.  The'se'  ap]M'ar  to  be  the'  be*st  linii'  be-ds 
in  the  county. 


LYCOMING  COUNTY. 

The'  lle'ldei-bm-g  fonnation  cimps  out  in  an  almost  i‘as(-we‘st  direc- 
tion thi'feugh  the'  county,  in  the'  Suseiue'hanna  b'alh'v  from  -le'rse'y 
Slioi-e  to  within  two  mih's  of  5Iuncy  and  is  ap]iroxini;ite‘ly  two  mile's 
wide'.  The  he'lt  inelneh's  the'  buge'  epiarries  at  llnglu'svilb'.  llc're 
the  belt  swings  southwestward  and  crosses  the  Susepie'hanna  at 
■Muncy.  It  has  a southwest wai-d  trc'iid  to  Ulinis]Hn-t  and  at  tlmt  town 
makes  a shanp  turn  to  the'  east,  ft  is  on  this  backward  swing  that 
it  jeasses  through  the  White  Deer  Yalley.  and  Oregg  townshi]>.  Union 
County. 
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Fiv(‘  areas  in  this  county  visited  and  described  are  Jersey  Shore, 
iMontonrsville,  IFigliesvilli*,  NVillianisport,  and  White  Deer. 

Jersey  Shore  area 

There  are  three  ([uarries  in  the  Jersey  Shore  locality  and  one  of 
lliese  was  working.  Tlie  working  qnarry  of  this  area  was  owned  by 
the  Jones  estate'  and  opeerated  by  Henry  Carpenter.  It  is  located 
about  one  mile  nortliwest  of  the  borough  along  Pine  Creek. 

Boi’ouifh  qtuirrjj.  The  Jersey  Shore  Porongh  quariw  is  being 
worked  intermittently  and  in  it  both  tlank.s  of  a syncline  can  be  seen. 
It  is  about  a quarter  of  a inih'  east  of  the  trolley  bridge  over  Pine 
(h-eek.  The  noidhern  flank  of  the  syncline  so  well  exposed  in  this 
(pniriy  dips  15°  SIC  and  the  southern  limb  50°  NW.  Along  the 
axis  there  has  lieen  considei'abU'  shattering  and  the  material  is  not 
good  foi-  road  use.  1 he  ii])pe]'  layers  are  shaly,  weather  to  a buff 
yc'llow,  and  are  brittle.  Tlie  Iow('i-  lads  ma*  massive  and  contain 
sdiiu*  clu'rt.  Few  fossils  were  found  and  the  lithological  character, 
together  with  the  finding  of  chert,  indicates  that  the  formation  is  of 
Keyser  age. 

Ifcin-y  Carpenter  qaarrii.  This  (piarry  one  mile  northwest  of  Jer- 
sey Shore  along  Pine  Creek  was  working  on  a road  contract  and  in- 
t('rmittently  burning  lime.  The  rocks  exhibit  a true  Helderbergian 
aspect  and  are  quite  uniform  throughout.  The  lowest  rocks  visible  in 
file  quarry  are  dark  blue,  and  carry  many  calcite  veins  and  some 
riiomhs  of  calcite.  Cubes  of  lluorite  were  also  found.  The  “Bastard" 
limestone  is  abfive  the  dark  blue  limestone  and  is  quih*  hard.  It  is 
light  gray  and  is  exposed  for  a thickness  of  50  feet.  The  individual 
beds  average  about  eight  indies  thick. 

Numerous  fipirifer)^  and  Icptacna  were  found,  and  one  large  jielecy 
l»od,  which  was  jioorly  preserved. 

Cieher'nr/  qiiarri/.  This  (juariw  is  a short  distanci'  rvest  of  the 
liorongh  quarry,  and  shows  a much  faulted  face.  Tt  has  been  aban- 
doned for  the  last  17  years.  Much  cliert  is  found  in  the  eastern  end, 
and  from  all  ajipearances  the  rocks  are  of  the  Keyser  formation. 
Some  fluorite  was  also  found. 

Montoursville  area. 

On  the  noith  side  of  the  road  between  Williamsi»ort  and  Mon- 
fonrsville  several  ipiarries  have  been  o])ened  to  obtain  stone  for 
roads,  for  lime,  and  for  building  ]»nri)oses. 

Bower  Brothers  qnarry,  midway  between  Williamsport  and  Mon- 
fonrsville,  has  been  worked  intermittently  for  more  than  40  years. 
The  quarry  is  about  400  fei't  long  and  100  feet  wide  with  a face 


2i:> 


al)Oiit  I’O  f(H‘t  liigli.  The  strata  dip  to  the  north  at  angles  of  in  io 
lo°.  Some  shaly  stone  ]»i-esent  that  is  not  snitahh*  for  lime,  is  used 
for  walls  and  rough  construction.  The  good  stone  is  mottled,  str'k- 
ii’giy  so  when  weathered.  Two  kilns  are  in  operation.  The  ]U'oduct 
is  called  the  Blue  Stone  Lump  Lime  and  used  for  agricultural  pur- 
poses and  for  jdastering.  Many  cracks  and  solulion  ])ock(*ts  lilled 
with  clay  and  occasional  alluvial  hotihhu-s  ui)  to  two  feet  in  dia- 
meter have  been  encountered  in  the  <[uarry. 

Xearer  iMoutoursville  there  are  two  adjoining  (piarries  in  the 
Helderberg  limestone.  One  of  them  belongs  to  Loyalsock  Townshij) 
and  is  worked  for  road  metal.  The  strata  di]>  X.  exce])t  in 

the  northeast  corner  of  the  quarry  where  they  are  almost  vertical 
and  are  badly  shattered.  The  other  quarry  is  operattol  liy  the  West 
Branch  Linu'  Oo.  The  beds  dip  r)°-20°X.  in  the  major  ]uirt  of  the 
(piarry.  The  east  end  of  the  quari'y  shoAvs  the  axis  of  an  anticline 
with  beds  dijqdng  south.  The  quari-y  is  akamt  dlMf  feet  long.  T.")  to  IhO 
feet  Avide,  and  the  Avorking  face  up  to  To  feet  high.  Several  shaly 
layers  are  interbedded  Avith  tin*  more  massive  although  laminate<l 
rock.  Fossils  and  sun  cracks  are  common  in  the  more  shaly  lay(‘rs. 
The  stone  is  burned  in  tAvo  kilns  for  agricultural  and  building  lime. 

Kughesville  area. 

Xear  Hughesville  the  formations  are  rather  unifoini  and  the  d('- 
scription  that  folloAvs  is  a generalized  one.  The  quarry  of  A.  T. 
Armstrong  is  rcqirescntative  of  the  area  and  it  alone  will  be  de- 
scribed. 

A.  T.  AnnstroiKj  quan-jf.  The  loAver  or  basal  m{untier  of  the  quanw 
is  a hard,  black  limestone,  knoAvn  locally  as  ••iirestone”.  It  is  us<*d 
as  a flagging  stone.  Some  of  the  slabs  art'  four  iut'lu's  thick.  The 
slabby  limestone  is  Lh  feet  thick  and  is  overhiin  by  a chirk  Idue  mas- 
siye  bed  20  feet  thick  and  made  u])  of  indiyidual  layers  averaging 
ten  to  tAvelve  inches.  The  stone  from  the  quarry  is  used  mainly  for 
road  metal.  At  the  time  of  the  survey  .V.  T.  *Vrmstrong  Avas  sup]ily 
ing  material  for  the  State  road  from  Suubury  to  Muncy. 

Oc'erlj^ing  the  bed  of  inassiA’e  blue  limestone  is  a bed  of  indclinitt* 
Thickness  Avhich  has  been  used  for  burning  in  the  four  ueighboring 
quarries.  It  has  occasional  sti'eaks  of  calcite  veuns  and  is  tei-nu'd 
“uiggerhead”.  Another  dark  limestone.  20  feet  thick,  aiqu'ars  above- 
it  and  is  made  up  of  individual  beds  averaging  six  inches  in  thick 
ness.  This  is  the  best  lime  burning  rock  in  the  ridgi'.  .V  more  sili- 
ceous, fossiliferous  rock  above  it  is  termed  the  "haT'dcap”  layer. 

The  dip  in  the  quarry  is  15°XE.  and  the  strike  X 20°W.  The  I'ocks 
of  the  quarry  average  77  per  cent  CaCO,  and  2.7-7  per  cent  MgEO 


of  tlie  Armstrong  worldng  is  the  Bull-Artley  quariy  wliicli 
has  three  kilns.  This  quarry  was  not  in  operation  during  the  sum- 
mer of  1921,  but  it  showed  the  same  beds  that  were  being  worked  in 
the  Armstrong  (piarry.  Next  to  it  is  the  McConnell  quarry  also  in 
the  same  formation.  Farther  Avest  is  the  Reeder  quarry  with  a 
l)attery  of  25  kilns.  It  is  by  far  the  largest  oiAeratiou  Ausited  iu  tin* 
study  of  the  Helderberg.  The  Kigler  quarry  adjoins  the  Reeder 
operation. 

Reeder  (luarrij.  The  M.  E.  Reeder  quarry  differs  slightly  from 
the  Armstrong  in  that  it  is  being  driA'en  in  on  a loAA^er  leA’el  and  sIioaa's 
a denser  and  more  massiA’e  limestone  ranging  in  color  from  gray  to 
dark  l)lue.  It  is  capped  by  a hard,  siliceous  layer.  A more  or  less 
shaly  material  forms  the  upper  layer  of  the  quarry.  Some  large  cal- 
cite  A'eins  are  Ausihle.  One  of  these  measured  a foot  in  thickness. 
The  rocks  dip  25°  NE. 


White  Deer  Valley  area 

The  area  is  hounded  on  the  south  and  AAT^st  Ity  White  Deer 
Ridge  and  on  the  north  by  Bald  Eagle  Mountain.  The  belt  of  Held- 
erberg limestone  crops  out  in  a curA’e  through  Montgomery,  Maple 
Hill,  and  Elimsport  and  then  eastAAuard  paralleling  White  Deer 
Ridge. 

The  only  (luarries  seen  in  this  area  are  in  the  vicinity  of  Elims- 
port and  are  operated  by  J.  P.  Baker  and  J.  P.  Best.  In  both 
these  quarries  the  beds  being  Avorked  are  hard,  dark  blue  limestones, 
Avith  a fcAV  calcite  veins  running  through  the  massive  beds.  The 
beds  are  about  20  feet  thick  and  are  made  up  of  layers  tAVO  to  five 
feet  thick. 

Directly  OAcr  the  massive  bcAl  is  a softer  lighter  blue  limestone 
which  is  rather  siliceous  and  breaks  Avith  a glassy  fracture.  This 
is,  in  turn,  overlain  by  a shaly  limestone  Avhich  is  never  burned  for 
lime.  The  beds  average  about  three  feet  thick  and  make  a total 
of  20  feet.  There  is  much  evidence  of  cave  material  in  both  quarries. 


A tiali/ses  of  Helderherf/  limestones  of  Lyeomiufi  County'^ 
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No.  1.  One  half  mile  north  of  Jersey  Shore. 

No.  2.  rei'Kuson  quari'y,  2 miles  yest  of  Jersey  Shore  and  ] mile  above  month  of  Pine 
Creek . 


■'d  Pennsylvania  Second  Gcol.  Survey,  Rept.  M3,  p.  94,,  1881. 


CLINTON  COUNTY. 

Tlie  Ile](l(‘i-I)erg  lim(\stoiies  of  (’liutoii  (foiuily  foi-m  a band  ITum 
out*  to  two  miles  wide  extending  entirely  across  tlu“  comity  bnt  they 
are  exjiosed  in  few  ])laces.  The  Sns([n(duuina  Jtiver  flows  througli 
the  belt  from  Lock  Haven  eastward  and  l>ald  Lagle  Creek  flows 
Through  the  I'mestone  ladt  from  tin*  (fentre  ( ’onnty  line  to  its  junc- 
tion with  the  Snsqnelianna  lielow  Lock  Haven,  llotli  of  these  streams 
have  formed  wide  flood  ])lains  of  alluvial  de])osits  that  conceal  the 
nnderlying  rock.  It  is  improbalth*  that  these  limestones  will  ever 
b(*  of  ninch  value  in  this  section. 

CENTRE  COUNTY. 

The  Helderberg  limestones  outcrop  in  a narrow  band  (‘xtending 
entirely  across  Ci*ntre  < 'onnty  in  the  Bald  Eagle  Valley.  Throngh- 
out  most  of  the  comity  they  are  concealed  by  alluvial  debris  deposi- 
ted by  Bald  Eagle  ('reek  and  tains  that  has  rolled  down  from  Bald 
Eagle  iMonntain.  The  limestone  has  been  qttarried  in  only  a few 
filaces. 

On  either  side  of  Enionvilh*.  near  Milesbnrg,  and  about  two  miles 
south  of  Eagleville  the  Helderberg  has  been  (ptarried  for  roads  and 
to  make  agrictiTniral  lime.  In  the  old  (piari-y  at  iMilesbnrg  about 
do  feet  of  liiiK'Stom*  is  ex]iose<l  dipping  dO°y.  It  is  shaly  atid  seems  to 
be  impure.  A sample  analyzed  by  the  ('ambria  Steel  Co.  showed 
I’.dG  fier  cent  SiO..  Betw(*en  iMilesbnrg  and  Howard  th(*re  aia*  few 
exposures  and  nothing  seen  that  a])]iears  promising. 

On  accomit  of  llie  excellent  limestone  of  ('amliro-Ordovician  agi* 
in  the  Xittany  Valley  on  the  otln*i-  side  of  Bald  Eagle  iMonntain  it 
is  improbable  that  there  will  ever  be  any  extensive  tise  of  the  Held- 
erberg limestone  of  (i'entre  (fonnty. 

HUNTINGDON  COUNTY. 

The  ontcroi)  of  the  Held(*rberg  limestones  loof)s  back  and  foi-th 
across  Hiintingdon  Comity  in  six  narrow  bands  that  extend  nearly 
or  qnite  across  the  cotinty  in  a northeast-sonthwest  direction.  Al- 
most everywhere  the  limestone  helps  to  form  nai-row  deep  valleys 
bordered  by  high  ridges  of  resistant  sandstones. 

Beeside'^"  has  given  the  fidlowing  detailed  section  near  Mapleton. 

Section  ill  Siropc  qiKirrii.  near  Majiii’ton. 

Thickness. 

Helderberg  limestone  ( lveys(*r  limestone  nn*mber  i : in  feet. 

Concealed  by  taltts,  qnari-y  wast<*.  etc.  iMnch  of  the  tains 
of  the  it})per  ]iart  is  ash-colored  shale. 

Limestone,  light  gray:  banded  on  w'eatli(*i-ed  surfaces: 
fresh  surface  dark  gray,  fine  grained,  not  banded:  con- 
choidal  fracture:  •‘’-inch  courses  siqiarated  by  shah*  !).b 


‘m.eeside,  op.  cit.,  pp.  209-211. 
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Thickness, 
ill  feet. 

Limestone,  like  unit  iihove  hut  not  in  courses  separated 

by  sliale;  fairly  massive  4.c8 

Shale,  calcareous,  Aveathered,  yellow  .9 

Limestone,  very  light  gray,  compact,  line  grained;  dark 

on  fresh  surface;  faintly  banded  2.8 

Limestone,  composed  entirely  of  Hiromatoporoids .9 

Shale,  weathered  yellow .8 

Limestone,  massive,  light  gray ; composed  of  st-romat- 

oporoids 3.0 

Limestone  nodules,  large,  in  shale  matrix .8 

Ijimestone,  rather  platy,  shaly  dark  gray  4.3 

Limestone,  dark  gray,  conchoidal,  impure,  line  grained; 
in  2 to  12  inch  courses,  separateel  generally  by  thin 

shall'  laminae 19.1 

Shale,  calcai’eous,  containing  large  nodules  (diameter 
.1-1)  inches)  of  limestone  and  one  or  two  lieds  of  fine- 

graiiK'd  conchoidal  blue  Lmestone  4.3 

Limestone,  rather  shaly,  dark  gray;  single  bed l.G 

Limestone,  massive,  impure,  gray;  nodular  character 
indistinct;  weathers  thin  bedded  at  top  of  quarry  ...  3.1 

Limestone,  massive,  impure,  nodular  1.3 

Shall',  weathered,  yelloAV  .5 

Limestone,  impui'e,  nodular,  dark  gray,  somewhat  crys- 

tall'ne  3.4 

Ijimestone,  impure,  dark  gray ; many  cleavage  faces  of 
calcite  show,  giving  it  a coarse  grain;  very  massive 

unit;  shows  indistinct  nodular  structure  5.G 

Limestone,  much  like  unit  above  but  does  not  show  the 

nodular  structure 8.8 

Limestone,  dark,  much  Aveathered  :u  })laces,  massive  ..  3.9 

Limestone,  pure  bluish  crystalline  layers  alternating 
with  shaly  dark-gray  impure  layers;  the  whole  makes 

a massive  unit.  Bryozoa  throughout  5.0 

Limestone,  light  gray,  line  grained,  conchoidal  fracture  2.0 

Limestone,  massive,  coarsely  crystalLue,  bluish;  many 

small  chert  nodules 2.4 

Limestone,  blue  gray,  coarse,  crystalline,  ]iure,  thin  bed- 
ded ( 2 to  G inches ) _ 1.1 

Limestone,  shaly,  impure,  “Bastard” ; weathers  light 

gray  and  yellow;  linely  nodular  9.G 

Limestone,  bluish  gray,  crystalline,  single  bed,  fairly 

luire  2.8 

Limestone,  very  impure,  earthy,  dark  gray;  shaly  frac- 
ture   1.5 

Shale,  fissile,  calcareous;  Aveathers  a ferruginous  broAvn; 

has  some  nodules  near  top  1.0 

Limestone,  impure,  nodular,  dark,  single  bed 2.0 

Limestone,  fairly  jiure,  blue,  crystalline;  nodular  char- 
acter lacking  on  fresh  surfaces  and  vei\y  indistinct 
on  Aveathered  surfaces;  thin  bedded  (2  to  4 inches)  ; 
a feAv  2-inch  chert  nodules  scattered  near  top  5.G 


2I!I 


'^1'liiekiu‘ss 
in  feet. 


Liiiiestom'.  iiudulai'.  ladat’vciv  inipim*,  ratlua-  coarse 
grained  and  witli  considcn-altU'  intcrlainiiial(*d  sliali*: 
would  lie  classed  as  a "Ilastard"  ]ini(‘stom\  lint  it  is 

|inr(‘r  than  the  unit  heneath  

I>iniestone,  shaly.  very  nodnlai-.  •‘Ilastard’’,  light  gray 

and  brown  on  w(*atlnn-ed  surfaces  

Limestone,  coarsely  crystallini',  light  gray,  very  [uire 
( !)S  per  cent  (,'at’Op,  I,  e.xtnnnely  massive  and  crinoidal 
Limestone,  tliin  bedded  (2  to  2 incliesi,  dai-k  gi-ay,  tim* 

grained,  distinctly  nodular  

LimcstoiK',  sonu'wliat  nodular  lint  yet  massive,  dai-k 
giay,  line  graini‘d  


2.1 


2b.  S 
1.7 
M . S 


lo2 . 1 


Tonoimvay  limestone : 

Linustom*.  miMlinm  bedded  (4  to  12  incluvsi,  pure,  dark 

gray,  not  banded;  shale  between  the  cours(*s 

Limestone,  thin  bedded  (2  to  (i  inches),  jntre,  dark  gray, 
line  graiiu'd;  banded  and  light  gray  on  weathered 

surfaces  

Shalt',  calcai-eons  

Limestone,  massive,  dark  gray,  tine  grained,  [Hire;  con- 
choidal  fractnrt';  in  plact's  slimvs  a 1-inch  bedding  .. 
Limestont',  liglit  gray,  in  2-iuch  courses  with  shale  be- 
tween   

Limestone,  massive  bed,  very  light  gray,  line  grained; 
conchoidal  fracture.  In  this  unit  there  has  been  dis- 
solved out  a good-sized  cave  reaching  down  to  an  un- 
known de[ith.  The  limestone  seems  very  [Hire  and 
has  small  scattered  masses  of  crystalline  calcite.  . . . 
Limestone,  banded,  tliin  l.eddtd  (2  inches)  but  not  lis- 

sile,  light  gray.  [Hire  

Travertine  

Limestone,  banded,  thin  bedded,  liglit  gray 

Limestont',  very  [daty,  tissile;  weathered  surfaces  have  a 

faint  greenish  tinge  

Limestone,  rather  irregular,  heavy  bed,  line  grained, 

light  gray,  pure  

Limestone,  very  [daty,  lissTe,  light  gray,  tine  grained; 

seems  fairly  [Hire  

Limestone,  dark  gray,  with  a 4-inch  layer  of  chert  at 

center  

Limestone,  massive,  finely  ( 1-inch  i lint  ilistinctly  iiotltt- 

lar,  dark  gray.  ini]iurt'.  <7orals  

Limestone,  massivt',  faiidy  [Hire,  blue  gray  

lumestone,  tissile,  [daty,  tlark  gray;  layer  of  chert  ... 
Limi'stom',  fairly  solitl,  hantleil.  tlark  gray,  line  graint'tl 
Limestone,  tissile,  shaly,  inpiure;  drali  tin  fresh  surface 
Limestone,  fairly  ]iurt',  kiuitty,  light  gray,  line  grained 
Limestone,  lissilt',  weatht'ri'tl,  brown  anti  gray,  line 

grained,  impure  

t'oncealed  


(i.y 


2.8 

• > 

:> . s 
1.8 


1 .0 

5 . 5 
• o 

2 . (J 

2.6 
1.2 
3.4 


1 .3 


s.b 

o . 6 
1.0 

12.4 
0 . b 


Thickiu'ss 
in  feet. 


Shale,  Aveatlu'i-ed,  caleai'eous,  gray  to  hi-OAvn  7.4 

Slial(\  ](()orly  exposed,  weathered  4.0 

Limestone,  fissile,  impure,  gray  5.5 

Limestone,  ])laty,  gray;  looks  mneh  ]uirer  than  iinit 

al)ove  or  helow  1.0 

L'nu'stone,  fissile,  imi)m-(*,  weatlnn-ed  brown  1.0 

(’oiKH'aled  3,8 

Limestone,  thin  IxMlded  (4  to  0 ineh(“s),  im])ure  light 


,hi:hV  5.0 

Shah*,  ealeai-eons,  gray,  and  limestone,  gray  to  brown 
w(*athei'ed,  line  gi-ained:  alb'rnating  lay(*rs  of  each 

about  3 inches  thick  9.4 

Sliah*,  lissih*,  ash-eolor(*d,  calear(*ons  5.5 


126.2 

As  in  other  districts  these  limestones  have  been  quarried  mainly 
for  agricidtnral  lime  althongh  ])lastering  lime,  stone  for  ballast  and 
foi'  flux  have  lieen  obtained  in  many  places. 

In  llojiewell  Townshi[)  near  the  Ledford  Comity  line  the  Helder- 
(K*i-g  limedom*s  w(*r(*  foi-merly  (piarided  foi-  tlux  for  a blast  furnace 
one  mile  to  the  east.  There  were  30  to  40  feet  of  good  limestone  in 
the  (inariw.  White  gives  the  following  section  and  analyses  of 
s))ecimens  in  a ([narry  near  Grafton. 


S'cct/oa  ill  II ('lilcrhcrii  liiiicxtoitc  quiirrii  lira r (I riiftoii . 


lG*et 


1.  To])  la.A'ers  of  gray  crystalline  limestone  10 

2.  nine  limestone  10 

3.  riierty  ("nigger  head”)  limestone  2 

4.  Ironstone  4 

5.  Gra.v  limestom*  5 

6.  niack'sh  limestom*  7 


Aiiali/scx  of  saiiiiilrs  from  various  laifers  in  1 i lursfoiir  qiiarri/  near 

(Ira  ft  on. 


Upper 
part  of 
1 

Lower 
]iart  of 
1 

4 

5 

6 

OaCOa  

98.035 

94.G42 

95.446 

93.o;:r> 

MgCOs  --  --  

1.589 

.908 

2.800 

1.185 

l.SUi 

^ - 

1.851 

.430 

1.780 

2.350 

3.480 

AbOa  1 

emi  S-  

.490 

.410 

.870 

.520 

. 7:10 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

1 

1 

I 

1 

J 

J 

1 

1 

1 

1 

1 

1 

1 

1 

! 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r 

1 

1 

1 

1 

' 'Ti  * 

.011 

.011 

.006 

.006 

.Olh') 

* -White,  I.  C.,  The  geologv  of  Huntingdon  County:  Pennsylvania  Second  Geol.  SuiTej'.  Kept. 
T3,  pp.  188f). 
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Xt.‘ai'  Mc'( 'oiiiK'llsttiwn  tlu‘  Ih'ldcrbai-^i,'  liinestoiirs  liiu  t*  loiiji' 
((uaiTied  for  lime''*.  East  <d’  I’etaishm-g  aloiij;'  tlir  dniiiata  Eivai- 
these  liiiiestoiies  have  been  (‘Xt(*iisivelv  (jiiaiTied  and  have  t'nniish(*d 
Jiiueh  stone  i'or  l>allast  and  sonu*  that  has  lieen  used  as  t1ux  in  iron 
fnrnaees. 

In  tin*  \ icin  ty  of  .Majileton  tlieic  Inis  lieen  extensixc  iinanyiny  (d 
tlie  1 lelderliery  I inieston(*s.  Tin*  material  has  lieen  burned  foi*  a^ri- 
enltnral  lime  and  used  tor  roads.  It  contains  on  an  a\(*ra^'i*  about 
!l  [ler  cent  SiOo. 

In  a qnari'v  near  .NLt.  I’nion  the  llelderbery  linu*stone  has  tnrnished 
stone  for  lime.  In  the  n]iiier  ]iart  of  the  (inarry  ^ood  stone  is  inter- 
bedded  with  chei-ty  layers.  The  lower  ]iai*t  of  tin*  (|narry  ootita  iis 
4.‘!  f(*(*t  of  massivi*  dark-colored  toni^h  limestone.  S(*V(*n  sam]d(*s 
from  this  layi*r  averaged  3.4  pci'  cent  Si()„. 

Sonth(*ast  of  Shirleysbnrg  some  good  stom*  is  (*x]ios(*d  but  it  is 
interbedd(*d  with  clu*i'1y  layi*rs.  In  an  old  ([iiariy  betw(*en  Orbisonia 
and  niack  Log  Mountain  \\h(*r(*  linn*  was  fornn*rly  burned  th(*n*  is 
an  (Xposni'i  of  cl!(*i'tv  limestone. 

BLAIR  COUNTY. 

Tin*  llelderbei'g  limestom*s  an*  well  di*v(*lo|ied  in  lllair  t’onnty 
and  have*  li(*en  (*xt(*nsively  worked  in  s(*v(*ral  jdaces.  Tin*  band  of 
ontcro])]iing  strata  (*-x1(*nds  in  a southwesterly  dir(*ction  ihrongh 
Tyrone  and  the  east(*rn  jiart  of  Altoona  to  a shoi-t  distanci*  beyond 
1 Inncansville  w ln*]-(*  it  mak(*s  a broad  loop  passing  throngh  Ilolli- 
ilaysburg  and  m*ar  Fi-ank.stow  n to  a jioint  a few  mih*s  north  of  Canoe 
Creek.  It  tln*n  turns  to  tin*  southwest  and  follows  along  tin*  wi*st 
flank  of  Lock.  Loop,  Shoi-t,  and  Dnnning  mountains  to  tin*  Ledford 
County  lim*  jiassmg  [iirotigb  Flowing  Sjiring.  K(*ser\dii-.  and  .Mc- 
Kee Caj). 

The  Jleld(*rb(*rg  (incinding  tin*  Tonoloway)  linn*stom*s  within 
the  comity  an*  more  than  400  fi*et  thick.  Th(*re  is  a gn*at  vaiiation 
in  the  character  of  the  material  as  :ndicat(*d  by  tin*  following  di* 
tail(*d  section  by  Reesidi*^^ 

S(‘ctinii  at  Lincoln  and  Fifteenth  Streets,  'I'lirone 

'I'll  ickin*ss. 
in  f(*(*t. 

(.’onct*ah*d ; scatten*d  onlci-ops  of  dark  gray  and  brown  lis- 
sile  shale:  a fi*w  bands  of  inpmre  linn*stonc. 

JIelderb(*rg  limestom* : 

X(*w  Scotland  limestom*  member: 

Linn*stoin*.  medinm  b(*dd(*d  (1  foot),  line  grained.  1 ght 

gray:  contains  chert  h*ntils  and  shah*  lamimn*  4.4 


‘“Op.  cit.,  p.  200. 

' Uoeside,  cp,  cit.,  pi'.  2n-")-2n0. 


Thickness 
in  feet. 


8hale,  weatliers  brown  1.4 

ihinestone,  iniinm',  hne  i^i-ainefl,  thin  bedded,  li^lit  gray, 

in  eonrses  S inches  thick,  w th  shale  partings  2.6 

Linie.stone,  shaly,  weathered  .8 

Limestone,  massive,  lieayv  bedded,  coarse  grained,  cry- 
stalline, gray:  much  interbedded  chert  4.8 


14.0 

Loeynians  limestone  member: 

Limestone,  very  impure,  shaly,  yellowish  3.8 

Limestone,  soim'what  weathered,  light  gray,  coarsely 
crystalline:  1 ne  of  chert  nodules  (2  by  10  inches) 

near  the  toj)  ...  2.0 

Limestone,  massiv(“,  coarsely  crystalline,  dark  2.5 


Keysc  r limestone  member: 

Limestone,  singh*  bed,  light  gray,  line  grained,  impure 

Linn  stone,  very  shaly,  light  gray  

Limestone,  light  gray,  line  grained,  i»laty  

i8hal(\  brown,  weathered  

Limestone,  1 ght  gray,  line  grained,  [tlaty  

Shale,  brown,  weathered 

Limestone,  inij)nre,  brownish  gray,  very  platy;  breaks 

into  sheets  half  an  inch  thick  

Lim(‘stone,  pniag  line  grained,  brownish  gray;  in  two 
beds  separated  l»y  brown  shale;  has  conchoidal 

fracture  

Limestone,  shaly,  banded,  dark  gray;  contains  carbona- 
ceous lilms  

Limestone,  coni])osed  entirely  of  stromatoporo'ds  . . . 
Limestone,  shaly,  yellowish  gray.  Scattered  heads  of 

stromatoporoids  

Liim^stone,  com])osed  entirely  (rf  stromatoporoids;  \iuder 

surface  vei-y  irregular 

Shall',  brown,  wiaithered  

Limestone,  comjmsed  entiicly  of  stromatoporoids  and 

corals:  under  surface  ii-regular  

Limestone,  buff,  tine  grained,  shaly  

Limestone,  extremely  mass've,  comiiosed  entirely  of 

eo)-als,  Lryozoa,  and  stromatojioroids  

Limestoni',  with  jii'ofusiou  of  corals  and  stromatopor- 
oids   

Shah'  

Limestone,  coarsi'ly  crystalline,  gray  

Limestone,  <-oai-si'ly  crystalline,  gray.  Scatti'red  stroma- 

to])oroids  

Limestone,  coarsely  o'ystalline,  gray  

Limi'stoue,  massive,  coarsely  crystalline 

Limestoni',  thin  hedih  d l)  to  6 inehes),  crystalline,  ligld 
gi:iy  


8.3 

1 .1 
1.8 
.8 
2.9 
1.1 
2.0 


4.6 


1 .5 
2.3 


2.0 

3.2 

.4 

5.9 

1.5 

9.4 

6.0 

.6 

1.0 

3.0 

3.5 
7.7 


Thickness 
in  feet. 

IhniesTone.  massive,  coaise  grained,  light  gray a.O 

Ininestone,  thin  bedded,  gray,  and  shale  l.a 

Limestone,  la-o>\nish  gray  to  l)nff,  in  single  bed  stand- 
ing out  as  a ridge;  coarstg  crinoidal  d.h 

Limestone,  thin  bedde<l,  coarse,  gray  ■ 

Sliale  

Limestone,  l)uir,  massi\-e,  coarse  grained,  crystalline  .. 
Limestone,  brownish  gray,  single  t)ed.  Fragments  of 

fossils  on  snrface  

Limestone,  thin  bedded,  butt;  drab  on  fresh  fracture  ..  12.3 


Tonoloway  limestone ; 

Limestone,  massive,  butt 

Limestone,  massive,  line  grained,  buff,  cherty  

Limestone,  massive,  tine  grained,  tuitf,  banded  

Limestone,  liss  le,  banded,  buff;  dral)  on  fresh  fracture 
8hale,  buff,  calcareous,  contorted  and  in  places  appar- 
ently brecciated  

Shale,  weathered,  brown,  earthy  

Limestone,  massive,  line  grained:  weathered  surface 
light  gray,  fresh  fracture  drab;  banded;  contains 

some  thin  chert  lentils  

Limestone,  ]daty,  banded,  line  grained,  light  gray  . . . 

Limestone,  I'laty,  laminated,  line  grained,  buff 

Limestoiu*,  l)uff  to  light  blown,  platy:  much  geodal  cal- 

cite  in  small  crystals 

Limestone,  fissile,  light  gray  

('oncealed;  t>robably  plaly  limestone  

Limestone,  light  gray,  platy,  impure 

Limestone,  light  gray  in  solid  tied;  platy  fracture  .... 

Limestone,  ]daty,  tine  grained,  buff 

(.’oncealed;  brown  shale  in  part  

Linn  stone,  platy.  buff  

Shale,  calcareous,  and  fine  siliceous  oidite  (?)  ; weather- 
ed surfaci*  ferruginous,  brown:  bedding  ii-regular  .. 

Limestone,  blocky,  fine  grained,  buff 

Shale,  weathered  brown  

Ifimestone,  platy,  fine  grained,  buff  

Shale,  calcareous,  much  weathered;  some  fine-grained 

sandy  (?)  layers  (siliceous  oedite?)  stand  oiit 

Shale,  calcareous,  buff  to  light  gray  

Limestone,  fa  rly  ]>ure,  fine  grained,  buff,  blocky  frac- 
ture   

Limestone,  buff,  jdaty,  laminated  in  ]>art 

J^imestone,  shaly,  i)laty,  yellowish;  many  geodal  cal- 
cite  masses  with  large  fine  crystals  


88.3 


2.0 

1.4 

0.4 

11.7 


7.8 

1.0 


0.7 

2.3 

.!» 


1.3 

2.3 

4.0 

1.0 

3.3 
4.0 

15 . 0 


2.4 

1.3 


io.;>, 

1.5 

4.0 
0.3 

5.0 


100.2 


224 


The  Helderbei-g  limestones  in  the  region  have  been  quarried  in 
many  places  for  lime  flux,  and  crushed  stone  for  concrete  and  high- 
way construction.  For  agricultural  lime,  crushed  stone,  and  ordi- 
nary flux  a large  portion  of  the  rocks  can  he  used  although  even  for 
tliese  purposes  some  of  tlie  shaly  l>eds  must  be  discarded.  Near  the 
liase  of  the  Ivc'vser  formation  thei’e  is  a i)irsistent  bed  of  extremely 
])ure  massive  limestone  that  has  been  quarried  for  chemical  lime  and 
1 igh  grade  llux.  It  is  best  devehqHMl  in  tin*  Frankstown  region  where 
it  averages  about  2.4  feet  in  thickness  and  is  known  as  “calico  rock.” 
It  is  a compact  l>]uish  gray  containing  numerous  small  “eyes”  of 
white,  calcite  Avhich  in  the  weathered  rock  are  stained  a dull  red. 

A lioona. the  east  and  southeast  part  of  Altoona  the  Helder- 
l>erg  limestones  have  been  Avorked  for  lime  in  the  past  but  iu  recent 
years  the  d(*mand  for  crushed  stone  has  increased  so  that  all  mate- 
rial noAv  (piarried  is  sold  for  concrete  and  higliAvay  purposes.  The 
principal  oi)erating  quarry  :s  that  of  Hell  and  Bockle  on  the  hill 
just  east  of  the  city.  The  layer  of  pure  limestone  mentioned  aboA-e 
is  ju'esent  but  Avhere  ex]>osed  contains  numerous  caves  and  clay 
pockets.  On  the  east  side  of  the  creek  north  of  the  fair  grounds 
there  are  several  ex])0sures  and  ]>lans  have  been  formed  for  opening 
a quarry  1h(‘re.  A qiiarry  has  been  opc'ued  in  these  strata  near 
Canaan. 

HolUdayshurg. — The  American  L'lne  and  Stone  Co.  has  operated 
in  tAvo  localities  near  Hollidaysburg.  The  flrst  place  is  about  1 1/2 
miles  nortliAvest  of  the  city  Avhere  the  layer  of  pure  limestone  Avas 
Avorked  for  chemical  lime.  There  are  2 kilns  near  the  (pmrry.  At 
the  time  of  our  visit  the  (piarry  Avas  being  operated  l)y  a leasing 
company  that  A\’’as  taking  out  the  impure  underlying  rock  for  highway 
use.  A stratum  containing  great  heads  of  corals  of  the  Stromaiopora 
type  overFes  the  pure  limestone.  The  otln*r  locality  is  near  the  top 
of  tin*  hill  about  luidAvay  between  Hollidaysburg  and  FrankstoAvn 
Avherc*  o])enings  extend  in  a line  for  almost  a mile.  The  stratum  of 
"calico”  limestone  about  24  feet  thick  has  been  extensively  quarried 
(See  Plate  XII,  A)  for  the  manufacture  of  chemical  lime  and  the 
uu(h‘rlying  and  overlying  'mpure  beds  for  ciuished  stone. 

Heciion  exposed  in  Fraiikstoirn  quarries 

lm])ui-e  thin  bedded  granlar  limestone  

Shaly  linu'stone  disiut(‘gratiug  to-  a clay  containing 

(alcai-(*ous  fossiliferous  nodules  

Pure  massive  limestones  (“calico”  rock)  

InqniK*  thin-b( dded  limestone  


Feet 

20 


O 


PLATE  XII. 
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A.  Quarry  in  Helderberg  limestone,  Frankstown,  Blair  County. 


B.  Greenbrier  limestone,  Thompson  quarry,  miles  east  of  Uniontown, 

Fayette  County. 


15m 
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The  strata  dip  at  about  35° SE.  The  pure  limestone  is  especially 
sought  but  as  it  dips  beneath  the  impure  layers,  it  can  only  be 
quarried  economically  when  there  is  sale  for  the  overlying  impure 
material  as  crushed  stone.  The  granular  limestone  would  make  a 
fair  grade  agricultural  lime  Avere  it  not  for  the  fact  that  it  breaks 
up  into  a powder  in  the  kilns.  The  lime  made  from  the  good  stone 
is  sold  as  lump  lime  and  is  used  mainly  in  the  manufacture  of  paper. 
The  following  analyses  of  this  lime  were  made  in  the  laboratories 
of  the  Williamsburg  Mill  of  the  West  Virginia  Pulp  and  Paper  Co. 
between  Dec.  1918  and  Mar.  1919.  Each  represents  an  average  ship- 
ment of  10  cars  of  lime. 


Analyses  of  lime  made  at  Frankstown  quarries. 


(’iiO  

92.52 

93.53 

94.28 

91.91 

90.60 

89.59 

91.20 

93.12 

93.22 

91.41 

MgO  (by 
differ- 

ence) 

1.47 

1.14 

1.25 

1.10 

1.51 

.60 

2.68 

1.22 

1..31 

1.22 

Si02  — - 

3.96 

3.12 

2.44 

4.04 

3.56 

7.42 

3.98 

2.84 

3.02 

3.:i0 

AI2O3  1 

- 

Loss  on 

1.44 

1.60 

1.46 

2.20 

1.72 

1.80 

1.80 

1.2i 

1.64 

1 .92 

ignition 

.61 

.01 

.62 

.75 

2.61 

.59 

.34 

1.58 

.81 

2.15 

Half  a mile  south  of  Diincansville,  tliere  is  a quarry  operated 
by  the  Duiicansville  Lime  and  Sto]ie  Co.  The  “calico”  stratum, 
about  25  feet  thick,  is  burned  for  agricultural  lime  and  the  over- 
lying  less  pure  beds  crushed  for  road  metal.  The  beds  are  consider- 
ably folded  and  are  displaced  by  a fault  that  passes  through  the 
quarry.  The  overlying  strata  are  a 3-foot  bed  of  impure  nodular 
limestone  and  aboAm  that  granular  gray  stone  of  fair  quality. 

Canoe  Greek. — About  11/2  miles  north Avest  of  Canoe  Creek  Sta- 
tion are  the  operations  of  the  Canoe  Creek  Stone  Co.  The  Jones  and 
Laughlin  Steel  Co.  formerly  Avorked  a quarry  at  this  place  for  flux. 
At  the  time  of  our  visit  the  company  Avas  Avorkiug  the  impure  beds 
both  beloAv  and  above  the  pure  (“calico”)  stoue  for  road  metal  and 
]danned  to  save  the  good  stone  for  high  grade  flux  or  the  manufac- 
lure  of  chemical  lime.  The  strata  are  similar  to  those  of  the  Franks- 
toAvn  quarries. 

The  same  beds  have  been  AVorked  by  the  Calcium  Products  Co. 
about  2 miles  north  of  Canoe  Creek  Station  Avhere  they  are  making 
chemical  lime  from  the  layer  of  “calico  rock”  that  at  that  point  is 
about  30  feet  thick.  An  average  of  3 samples  analyzed  by  the  Cam- 
bria Steel  Co.  gave  the  folloAving  results:  CaCOg  95.00,  MgCOg  2.25, 
SiO,  1.25,  S.  .04,  P.  .004. 

Several  similar  analyses  of  the  high  grade  limestone  formerly 
used  for  flux  by  the  local  iron  furnaces  are  given  in  the  Report  on 
I’lair  County  (T)  of  the  Second  Geological  Survey  of  Pennsylvania 
(pp.  129  and  130). 


BEDFORD  COUNTY  * 

The  Heklerberg  limestones  are  exposed  in  two  narrow  hands  that 
extend  entirely  across  the  comity  from  northeast  to  southwest  and 
two  other  bands  that  form  a loop  about  six  miles  north  of  Bedford 
and  extend  from  Bedford  southward  as  tiyo  separate  but  parallel 
bands.  In  addition  there  are  a few  other  smaller  areas. 

The  Heklerberg  limestones  haye  been  most  extensiyely  quarried 
for  the  manufacture  of  agricultural  lime  for  local  consumption  and 
perhaps  scores  of  small  quarries  haye  been  opened  throughout  the 
countsx  When  the  iron  ores  of  the  region  were  mined  a number  of 
iron  furnaces  obtained  much  of  their  Ilux  from  the  Heklerberg  lime- 
stones. In  recent  years  these  limestones  have  furnished  much  stone 
for  highway  construction  and  some  quarries  still  are  worked  to 
supply  small  lime  kilns. 

The  largest  operation  in  the  Heklerberg  limestone  in  Bedford 
County  is  that  of  the  Enterprise  Lime  & Ballast  Co.  at  Hyndman. 
The  following  description  is  from  a report  made  to  the  company  I»y 
iMessrs.  A.  H.  Jones  and  F.  S.  Deekens,  Jr.,  Cumberland,  Maryland, 
March  13,  1923. 

The  Enterprise  Lime  & Ballast  Company  is  situated  at  Hyndman, 
Pennsylyauia,  between  the  Connellsyille  Diyision  of  the  Baltimore 
& Ohio  Railroad  and  the  Juniata  Diyision  of  the  Pennsylyauia  Rail- 
]-oad.  The  plant  manufactures  crushed  limestone  for  railroad  bal- 
last and  for  highway  and  building  purposes,  as  well  as  lime  for 
commercial  and  agricultural  use. 

The  lime  plant  consists  of  a battery  of  four  Shoop  kilns,  twelye 
feet  in  diameter  and  thirty  feet  high,  with  facilities  for  grinding  the 
lime  into  a fine  powder  and  mechanically  packing  it  for" shipment. 

The  crushing  plant  consists  of  two  Champion  crushers  (Xo.  3 
and  No.  5)  ryith  rotary  screens  forty  inches  in  diameter  and  fifteen 
feet  long. 

These  plants  and  the  buildings  housing  them  were  erected  in  the 
years  1912  and  1913  and  haye  been  in  almost  continual  operation, 
seasonally,  since  that  date.  From  time  to  time,  new  Imildings  haye 
been  erected  and  additional  machinery  installed  to  take  care  of  the 
increase  in  production. 

The  quarry  contains  massiye  seams  of  lime.stone,  the  strata  of 
which  haye  been  tipped  to  an  angle  of  nearly  ninety  degrees  with 
the  horizontal.  These  seams  haye  been  diyided,  in  this  report,  into 
three  classes:  ’ 

1.  Limestones  suitable  for  calcination. 

The  lower  (Manlius)  part  is  a fine-grained  l ine  stem*  which 
burns  into  a good  agricultural  lime.  The  upper  portion  is  the 
“Gray  Fossil”  (Heklerberg),  a coarse-grained  stone  which  makes 
a superior  grade  lime,  suitable  for  commercial  purposes  as  well 
as  agricultural.  This  bed  has  a thickness  of  about  220  feet. 

2.  Limestones  suitable  for  crushing. 

This  member  has  a thickness  of  about  180  feet.  Dark  blue, 
flinty  limestones  prevail,  with  thin  l)eds  of  shaly  stone.  Tlu’ 
formation  is  mainly  Heklerberg  and  extends  into'tlie  Oriskany. 
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3.  Calcareous  sandstone  suitable  for  crushing. 

This  member  is  of  the  Oriskany  formation  but  is  essentially 
a low  grade  limestone  in  its  lower  third.  It  is  a dense,  hard 
stone,  crushing  clean, ‘and  has  been  used  extensively  for  State 
road  Avork  in  both  Pennsylvania  and  Maryland.  One  hundred 
feet  of  this  seam  is  considered  marketable  and  is  l)eing  quarried. 

At  the  iiresent  worl’big  f.:ic(\  tlie  quarry  is.a1)Out  100  feet  Avide 
and  80  feet  high.  As  the  quarry  progresses,  it  l)ecomes  continuallA’ 
liiglier  until,  near  the  extreme  boundary  of  the  property,  it  will 
reach  a height  of  nearly  280  feet. 

A au///.s-c.s’  of  limcf^fonc  from  quarr]i  of  Entcrpiixc  Lime  tf  Balhmi 

Go.,  Hijndman,  Pa. 

[Fl(?ming  Testing  Laboratory,  Analyst.] 


Silica 

1 

7.000 

O 

2.150 

• > 

7.800 

Alumina  

2.170 

.750 

2.550 

Galcium  carbonate  

81 .050 

93.097 

87.830 

IMagnesium  carbonate  

8.550 

2.928 

1 ..500 

Pbosphorus  

.008 

.009 

Sulphur  

090 

.040 

.050 

Ferric  oxide  

430 

.300 

.200 

99.907 

99.873 

99.939 

1.  Blue  limestone  40  feet  thick,  Avest  of  high-grade  gray  fossili- 
ferous  limestone. 

2.  Gray  fossiliferous  limestone. 

3.  Fine-graimal  him*  limestone  (‘as!  of  Xo.  2. 

On  TrAun  Burket’s  land  at  Hyndman  tAvo  stone  draav  kilns  attract 
attention  to  a quarry  that  is  concealed  by  trees  and  a Avail  of  rock. 
Tavo  narrow  cuts  through  shaly,  clierty  limestone  lead  to  a quarry 
100  feet  long,  30  feet  wide,  and  up  to  40  feet  deep  in  the  center.  The 
beds  are  vertical,  the  Avails  sheer,  and  the  strike  N.  40°  E.  This 
]>roperty  aats  last  operated  about  1922. 

In  1924  Mik(»  Burket  burned  lime  mile  south  of  Hyndman.  The 
tAvo  stone  draAV  kilns  are  supplied  from  a neAV  quarry  Avhich  has 
been  driven  00  feet  on  vertical  beds  30  feet  Avide.  The  face  of  the 
quarry  is  aliout  35  feet  high  and  increases  as  the  quarry  advances 
betAA’een  the  vertical  Avails.  The  stone  is  a deep  bluish  black,  mas- 
sive. knotty  limestone.  Parallel  Avith  this  quarry  and  separated 
from  it  by  a wall  of  loAver  grade  limestone  is  an  abandoned  quarry 
several  huudred  feet  long.  narroAv,  and  betAveen  vertical  Avails  closely 
resembling  a railroad  cut. 

In  Cumbeiland  Valley  toAvnsliip  limestone  has  been  quarried  in 
a small  Avay  on  several  farms  and  burned  for  agricultural  lime.  In 
1924  the  only  quarry  in  this  township  operated  commercially  was 
(ha.t  f)u  tlu‘  fai'ui  of  Amos  Miller  one  mih'  east  of  Genterville  ( Gumber- 
l:n)(l  ^h!lley  P.  O. ).  It  Avas  leased  and  o]ierated  by  A.  G.  Valentine. 
Tile  {[iiarry  face,  A\hicli  is  40  feet  long  and  20  feet  high,  shows  an 


iil)per  knotty  bnd,  a middle  lied  of  massive  limestone,  and  a slmly  bot- 
loni  bed,  all  of  blue-black  limestone.  The  beds  dip  west  at  a low 
angle.  The  rock  is  Inirned  in  a single  draw  kiln.  Other  quan-ies  in 
this  township  are  those  of  J.  D.  Cessno  and  I’etcu-  llite,  near  Cenlm*- 
\ille,  and  James  IMcFarran,  llnrning  Bush. 

At  IManns  Choice  two  (piarries  ou  the  same  massive  black  lime- 
stone ledge  are  operating  side  by  side  in  the  north  eml  of  the  village. 
The  New  Baltimore  Lime  Co.  operates  one  and  Dave  llillegas  the 
other.  The  beds  strike  X.  30°  E.  and  di]»  80°.  At  eacb  (pmrry 
the  rock  is  burned  in  a draw  kiln,  the  lime  is  pulverized  in  a 12-inch 
jaw  crusher  and  sold  for  agricultural  use. 

At  Xapier,  on  the  Lincoln  Highway,  5 miles  west  of  Bedford, 
the  State  Highway  Department  is  quarrying  the  TTiddeilHU'g  lime- 
stone on  the  George  Sauser  farm.  The  lieds  strike  X".  40°  E.,  and 
diji  W.  00°.  The  (juarry  has  been  driven  200  feet  along  the  strike 
on  50  feet  of  blue-black  limestone  that  is  thin-bedded  near  the  sur- 
face but  massive  at  the  quarry  tloor.  The  walls  on  eithei*  side  ai-t' 
yellow,  shaly  limestone  not  tit  for  highway  use.  Tlie  face  in  1024 
was  about  TO  feet  high. 

Half  a mile  south  of  Everett.  A.  M.  McClure  is  quarrying  a bimn 
massive,  knotty  limestone  and  burning  it  in  two  draw  kilns.  In 
1924  he  was  working  a new  face  about  30  feet  high  and  wide.  The 
01‘iginal  source  of  rock  for  these  kilns  was  a quai-ry  o]icned  by 
driving  a tunnel  through  the  steeply  dipping  beds  to  a higher  grade 
limestone.  In  the  south  end  of  the  old  o]ien  quarry  a cavern  has 
been  opened  about  80  feet  long,  25  feet  wide,  and  30  feet  high,  ap- 
parently enlarging  a natural  cavern.  The  beds  at  this  place  strike 
X.  35°  E.  and  dip  E.  50°. 

•lust  west  of  E'.'f'rett  theri*  is  a (pnirry  in  the  Helderlierg  lime- 
stone that  is  said  to  have  luen  worked  to  sup]dy  local  kilns  for  tie* 
last  100  years.  The  strata  used  are  about  50  feet  thick,  iucluding 
a 4-foot  bed  of  very  pure  stone,  the  “calico  rock”  of  the  Frankstown, 
Blair  County,  section.  The  remainder  of  the  section  used  was  less 
pure  but  it  produced  a fair  grade  of  agricultural  lime.  At  the  time 
of  our  inspection  the  quarry  was  being  w'orked  entirely  for  road 
material  and  a much  greater  thickness  was  lieing  quarried.  It  is 
mainly  a nodular  gnarly  blue  limestone. 

Stevensoid®  in  his  report  mentions  many  places  throughout  the 
county  where  the  Helderlierg  was  formerly  (juarried  for  lime  and 
flux  but  most  of  these  qiiarries  have  long  since  been  abandoned. 
In  the  table  of  analyses  that  follows  most  of  the  materials  re])orted 
by  Stevenson  oliviously  came  from  the  purer  strata  that  make  up 
only  a small  portion  of  the  entire  Helderberg  series. 

Surve^'ltepT’  T2  18^2*^^***^  S'ei’lofe'y  of  Bedford  and  Ciiltou  cuauties : Pennsylvania  Secoml  Gcol. 
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Analyses  of  Helderherg  Uniestone  hi  Bedford  County. 


1 

2a 

2b 

2C 

2d 

3 

4 

OaCOs  

98.178 

96.61 

85.81 

94.28 

91.95 

89.035 

92.875 

MgOOa  — --  --  -- 

1.854 

1.44 

2.82 

3.27 

1.86 

1.876 

1.891 

Si02  

.230 

1.28 

7.56 

1.54 

4.24 

6.880 

4.810 

AhOs  ) 

EesOs  $ --  

.lU 

.34 

3.22' 

.64 

2.50 

.610 

.370 

S 

.020 

.06 

.32 

.04 

.07 

.022 

.060 

P 

.007 

.010 

.010 

.009 

.011 

.005 

.005 

5 

6 

7 

8ti 

8b 

9 

10 

11 

OaCO^i  — - 

9t‘.592 

94.107 

90.660 

82.60  to  92.90 

87.19 

91.071 

84.500 

96.592 

MgCOa  - 

2.459 

2.444 

2.542 

1.27  to  10.40 

5.19 

2’. 543 

10.019 

2.459 

Si02  

.930 

2.750 

0.2.50 

2.60  to  7.06 

4.62 

5.590 

4.820 

.960 

ALOc.  1 
F6203  t - 

.240 

.240 

.822 

1.20  to  3.90 

2.45 

.440 

.713 

.240 

S 

.019 

.036 

.055 

.04  to  .30 

.11 

.068 

.062 

.019 

P 

.008 

.010 

.008 

.006  to  .032 

.013 

.006 

.012 

.008 

1.  Vi.  Devore's  quarry  south  of  Hyndmau  {T2  p.  07),  2a,  2b,  2c  and  2d.  Enterprise  Lime 
and  Ballast  Co.,  quarry,  Hyndman.  Analyses  by  Cambria  Steel  Co. 

M.  Wilmetto  Limestone  Co.  quarry  just  north  of  Wills  Creek  Station.  (d:' 2,  p.  106). 

4.  Shoemaker  quarry  immediately  north  of  Maims  Choice.  (T  2,  p.  112). 

5.  A.  Stuckey’s  quarry,  Napier  Township  (T  2,  p.  115). 

6.  L.  Geisler's  quarry,  a short  distance  east  of  St.  Clairsville  (T  2,  p,  120). 

7.  IIull’s  quarry.  King  Township  (T  2,  p.  132.) 

S.  R.  N.  Oppenheimer  farm,  6 miles  north  of  Bedford.  5 samples,  8a,  range,  8b  average. 

9.  Stapletoli’s  quarry,  4 mile  south  of  .Tuniata  Elver,  southwest  of  Everett  (T2,  p.  191). 

10.  .1.  Piper’s  quarry,  on  Piper's  Run,  Hopewell  Township  (T2,  p.  196). 

-\nalvses  by  Cambria  Steel  Co, 

11.  Kemble  Coal  and  Iron  Co's  quarry  near  Cbve  Station,  Black  Valley,  within  a few  rods 

of  the  Huntingdon  County  lino.  (T2,  p.  2C0). 


FULTON  COUNTY.* 

Tlie  Heltlerberg  limestone  occurs  mainly  in  Dublin  and  Bethel 
townships  in  the  northern  and  sonthern  parts  of  Fnlton  County.  Tn 
the  vicinity  of  Fort  Littleton  the  limestone  has  been  quarried  for 
local  use  on  several  farms.  Half  a mile  north  of  Fort  Littleton  on 
the  Stevens  farm,  shallow  excavations  have  been  made  for  several 
liundred  feet  along  the  outcrop  of  a black  limestone.  The  beds  are 
tbin,  ranging  up  to  one  foot  thick,  strike  N.  10°  E.,  and  dip^  west 
30°  into  the  hill.  At  a depth  of  10  feet  or  less,  sinking  down  the 
dip  is  stopped  by  the  difficulty  of  getting  the  rock  up  over  the  lip 
of  the  quarry.  One  or  two  men  work  here  intermittently  and  burn 
the  rock  in  a draw  kiln. 

On  the  John  S.  Wollett  farm  2 miles  southwest  of  Fort  Littleton 
a quarry  f;ice  200  feet  long  and  up  to  30  feet  high  exposes  a massive- 
bedded,  dark  blue,  mottled,  and  fossil iferous  limestone.  The  beds 
strike  N.  30°  E.  and  dip  W.  30°.  Vertical  joints  are  conspicuous 
and  calcit(‘  veinlets  are  common.  This  quarry  and  its  draw  kiln, 
which  are  hidden  in  the  woods,  liave  not  been  Avorked  for  several 
years. 

About  500  feet  south  of  the  Wollett  quarry  are  several  small  ex- 
cavations in  limestom'  on  tlie  John  Martz  farm.  Here  the  bedding 
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is  iieaily  vt'vtirul  and  the  liigli  grade  deep  blue  rock  is  separated 
by  bauds  ol'  impure  shelly  limestone  several  feet  thick.  Limestone 
was  (piarried  here  until  1921  and  burned  iii  open  heaps  for  agricul- 
tural lime.  Similar  small  excavations  have  been  made  on  nearby 
farms  for  the  same  purimse. 

hi  the  southei'ii  i'art  of  Fullon  ('oinity  Ihe  Ibddei-herg  limeslom* 
has  been  ([uarried  in  a small  way  and  burned  for  agricultural  lime 
on  many  farms.  xVmong  these  are  the  Olivei’  Hill,  iNIoses  Hess,  Job 
Hess,  Frank  Fisher,  and  Henry  Garland  farms  south  (d'  Xevennore. 

Two  miles  north  of  Warfordsburg,  G.  Fdward  Golden  is  (piarry- 
iug  the  Helderberg  limestone  beside  the  State  highway  and  burning 
it  in  two  draw  kilns.  The  beds  strike  X.  2b°  E.  and  dip  W.  70°.  Tin* 
<'|uarry  follows  the  strike  for  75  feet,  making  a cut  40  feet  wide  be- 
tween sheer  walls  35  feet  high.  The  limestone  is  black,  massive, 
and  contains  gash  veins  of  calcite.  A similar  quarry  on  the  same 
beds  east  of  the  road  has  been  abandoned.  Mr.  Golden  crushes  the 
lump  quick  lime  and  sells  it  for  land  dressing. 

At  Warfordsburg  2 miles  north  of  the  IMaryland  line  a quarry 
was  opened  many  years  ago  for  stone  to  bnild  the  house  now  owned 
by  W.  B.  Rank.  The  aqueducts  on  the  canal  at  Hancock,  Maryland, 
also  were  built  of  limestone  from  this  quarry.  In  recent  years 
rock  was  taken  from  this  quarry  to  build  the  State  road  through 
Warfordsburg,  and  a face  has  been  developed  that  is  100  feet  long, 
and  18  feet  high  in  the  middle.  At  present  the  quarry  is  worked 
only  occasionally  by  Mr.  Rank  for  stone  that  is  hanled  to  farms 
within  a radius  of  10  miles  and  l)urned  in  open  heaps  for  agri- 
cultural lime. 


Analjises  of  1/ rldcrher;/  liiiiesfoiies  of  Fulion  (Unnifif. 


1 

2 

3 

CiiCOa  

S'^gCOs  

93.117 

2.043 

87.357 

2.346 

91.303 

2.043 

5.550 

.810 

SiO->  - 

4.110 

8.430 

Al  ’Os  ? 

.liOO 

1.930 

s'  . _ _ 

.075 

.020 

.201 

.004 

P - - - - 

.000 

.002 

1.  Fisher  quarry,  Bethel  Township  (T2.  p.  274.) 

2.  Johnston  (juarry  near  Licking  Creek,  Thompson  Township,  about  2 miles  from  tlie  Mary- 

Inml  Slate  line.  (T2.  ]>.  291.) 

3.  Kamsay  quarry,  one-third  mile  north  of  Fort  Littleton  (T2,  p.  304.) 


CHAPTER  VI. 


SILURIAN  AND  DEVONIAN  LIMESTONES  EXCLUSIVE  OF 
THE  IIELDERP,ERG  AND  TONOLOWAY. 

The  Silurian  and  Devonian  formations  of  the  State,  outcropping 
in  many  places  in  a l)road  belt,  extending  from  Wayne  County  in  a 
southwesterly  direction  to  Redford  County,  contain  numerous  cal- 
careous members  other  tlian  the  iinportant  Ilelderberg  (including 
llie  Tonoloway)  limestones.  They  are  contained  within  the  Clinton 
and  Salina  foianations  of  the  Silurian  and  the  Oriskany,  (Inondaga 
(Corniferous),  Marcellus,  Hamilton,  Cliemung,  and  Catskill  forma- 
tions of  the  Devonian.  Everywliere  they  are  of  minor  economic  im- 
portance and,  in  tlie  held  investigations  for  tliis  report,  little  atten- 
tion was  given  to  them  due  to  lack  of  time  and  to  their  relatively 
small  value.  The  short  descidptioiis  that  follow  are  taken  mainly 
from  vai'ious  re2>orts  of  the  Second  Geological  Survey  of  I’ennsyl- 
vania. 

POTTER,  TIOGA,  AND  BRADFORD  COUNTIES. 

As  in  other  regions,  the  Chemung  and  Catskill  formations  of 
I*otter,  Tioga,  and  Uradford  counties  contain  occasional  beds  of 
imjnire  limestone  lhat  in  the  al)sence  of  better  grade  material  have 
been  quarried  for  agricultural  lime  and  for  flux. 

Numerous  thin  beds  of  inquire  limestones  in  the  up})er  100  feet 
of  the  Chemung  formation  have  been  (quarried  on  a small  scale  in 
many  jilaces  for  agricultural  lime  aud  at  one  time  were  quarried 
near  Manslield  for  use  as  a flux  in  a local  iron  furnace.  About  a 
mile  east  of  Burlington,  Bradford  County,  about  10  feet  of  fossil- 
iferous  limestone,  termed  the  Burlington  limestone,  has  been  quarried 
for  agricultural  lime. 


AiiaJyses  of  (Jhemumj  Ikiiestones.*'^ 


SfSqui-o.xide  of  iron 

Alumina  

Lime  

Magnesia  

Sulphuric  acid  

Phosphoric  acid  ___ 

Chirbonic  acid 

Insoluble  residue 


1.  Kline  Quarry,  1 mile  east  of  Burlington,  Bradford  Co. 

2.  G.  K.  Wilson  Quari-y,  near  Mansfield,  Tioga  Co. 
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33.240 
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The  Catskill  formation  contains  some  calcai'eous  strata  in  a few 
restricted  localiti(*s.  They  do  not  seem  to  be  of  any  economic  im- 
portance. 


^“I’ennsylvania  Second  Geol.  Survey  Kept.  G,  pp.  28,  02.  (1878). 
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SUSQUEHANNA  AND  WAYNE  COUNTIES. 

The  only  limestones  of  Sns(|U(“lianna  and  Wayne  counties  ai’e  ex- 
tremely impni-e  and  of  little  value.  In  the  vicinity  of  Great  Hend, 
Sus(iuehanna  County,  a layer  of  imi)ure  limestone  is  interhedded  with 
the  Chemung  shales  and  sandstones.  It  is  not  continuons  and  where 
developed  varies  from  ti  inches  to  2 feet  in  thickness. 

The  principal  limestone  of  these  counties  is  in  the  Catskill  forma- 
tion. It  is  known  as  the  Cherry  Eidge  limestone  although  it  scarcely 
deserves  the  name  of  a limestone  as  shown  by  the  analyses  given  be- 
low. It  is  develo])ed  over  a large  ]»art  of  Wayne  County  and  the  east- 
ern tier  of  townshi])s  in  Sus([uehanna  Comity.  By  careful  selection 
some  rock  has  been  obtained  that  was  fairly  satisfactory  for  farm 
lime.  In  Vol.  G.5,  (p.  (15)  of  the  Second  Geological  Survey  of  Penu- 
sylvania  the  following  analyses  are  given  : 


.lnu///.s'C,s'  of  (Jlien'H  liUhje  Uinestotie.*'’ 


SiO=  - 
CaCOa 
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Countj 

1,  best 

stone  ; i 

, poorest 

1 and  2,  Schenck  quarry,  Cliorry  Kidi'o  Township,  Wj 
stone; 

3 and  4.  ,1.  MuIteiTs'  land.  Ore.ijon  Township,  Wayne  County. 


LYCOMING  AND  SULLIVAN  COUNTIES. 

In  a nnmber  of  places  in  Lj'coming  and  Snllivan  counties  there 
are  calcareous  strata  Avithin  the  Catskill  sandstones.  So  far  as  knoAvn 
the  only  place  these  limestones  have  been  Avorked  is  about  half  a 
mile  north  of  MillvieAAg  Snllivan  County.  Three  limestone  strata  se- 
]>arated  by  considerable  intervals  of  shales  and  sandstones  are  said 
to  be  developed  in  that  region,  the  loAvest  of  Avhich  Avas  quan-ied  for 
agricultural  lime.  The  section  e.x])osed  in  the  (piarry  as  describ(“d 
by  Plate®  is  as  folloAvs: 

Section  in  quarrii  at  MUlricic,  SnUiran  Connfji. 

Small  linu'stone  layer,  bine 

Bed  sandstone  

Linu'stone  

Slate  

Limestone  

•Pennsylvania  Second  Geo.  Survey,  itept.  G 5,  p.  (j.j,  188.1. 

■•^Platt,  F.,  Pennsylvania  Second  Geol.  Sur^ey  Kept.  GG,  p,  222,  ISSO. 
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Aiiali/scs  of  the  limestones  in  Millview  quarry. 
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2 

CaCOs  „ _ 

80.393 

69.000 

MgCOa  

5 6o3 

5.387 

1.689 

MnCOs  

3.116 

S 

.240 

092 

P 

.133 

5.196 

.144 

AI2O3  ) 

Fe203  ^ 

5.8f70 

Insoluble  residue  _ _ _ . . _ 

5.240 

17.850 

1.  Upper  layer. 

2.  Lower  layer. 

WYOMING,  LACKAWANNA,  LUZERNE,  COLUMBIA,  MONTOUR 
AND  NORTHUMBERLAND  COUNTIES. 

Impiare  limestones  have  been  noted  in  a number  of  places  in  the 
Clinton,  Salina,  Hamilton,  and  Marcellus  formations  of  these  coiin- 
ties  through  which  the  Nortli  Branch  of  Sustpiehanna  River  flows. 
In  no  place  are  they  tliick,  pure,  or  continuous  over  large  areas.  Al- 
though quarried  locally  to  a small  extent,  tliey  are  of  very  little  value. 

Tlie  lowest  limestones  are  in  the  Clinton  formation.  This  forma- 
tion contains  occasional  thin  fossiliferous  limestones,  especially  in 
the  vicinity  of  Danville,  Montour  County.  They  are  seldom  more 
than  1 foot  thick.  The  beds  of  fossil  iron  ore  formerly  worked  near 
Danville  and  Bloomsburg  have  been  observed  to  pass  into  impure 
limestones  containing  70  per  cent  of  calcium  and  magnesium  carbo- 
nates. 

The  Salina  formation  contains  a number  of  impure  limestones 
interbedded  with  shales.  They  are  more  or  less  magnesian  and  gene- 
rally have  a light  green  or  buff  tint.  At  an  old  quarry  about  1 mile 
from  the  southern  boundary  of  Valley  Township,  Montour  County, 
and  near  the  west  branch  of  Mahoning  Creek  one  of  these  beds  is 
about  20  feet  thick  and  some  fluxing  stone  was  formerly  obtained 
for  the  Danville  furnaces.  In  general  they  are  decidedly  shaly  and 
entirely  too  impure  to  be  of  much  value,  even  too  impure  for  good 
agricultural  lime.  They  are  more  abundant  in  the  Upper  Salina  al- 
though there  are  occasional  limestones  developed  in  the  Middle 
Salina. 

Near  the  top  of  the  Hamilton  formation  a series  of  gray,  shaly, 
impure  limestones  aggregating  50  feet  in  thickness  is  present  in 
some  localities.  They  probably  represent  the  Tully  limestone.  They 
possess  little  or  no  economic  vahie. 

Near  Selinsgrove  Junction  there  is  a series  of  interbedded  shale 
and  light  gray  limestones  in  the  lower  part  of  the  Marcellus  with  a 
total  thickness  of  65  feet.  Although  the  limestone  is  generally  im- 
])ure,  a few  beds  are  sufficiently  pure  to  have  been  quarried  for  agri- 
cultural lime. 


MONROE  AND  CARBON  COUNTJES. 


The  only  limestones  of  the  y'lni-ian  and  Devonian  s^’stenis,  exeln- 
sive  of  the  Helderberg,  of  iMonroe  and  Carbon  counties  are  the  ('or- 
niferous  and  Tully  limestones.  The  former  is  of  some  economic  im- 
portance but  the  latter  is  onl}"  of  scientific  interest. 

The  Corniferous  (Upper  Helderberg,  Onondaga)  limestone  is  Avell 
exiHjsed  in  iMonroc  County  and  a])]»ears  in  a few  ]»laces  in  Carl)on 
County.  It  crops  out  in  iMonroe  County  from  Delaware  River  near 
the  mouth  of  I>ig  Bushkill  Creek  westward  at  the  base  of  the  north- 
ern slojte  of  Wal]i)ack  Ridge  to  Stroudsburg  where  it  disap]>ears 
either  through  gradation  into  a sandstone  or  by  the  cover  of  glacial 
debris  or  both.  It  is  not  seen  again  until  within  a short  distance  of 
the  Lehigh  River  above  Lehigh  Gap. 

In  iMonroe  County  the  Avidth  of  the  outcro])  of  the  Corniferous 
strata  is  seldom  more  than  one-fourth  mile  and  generally  less.  The 
beds  are  about  200  feet  thick  near  Stroudsburg  and  about  25  feet 
thick  near  Lehigh  Gap. 

White^®  gives  the  following  (lescri])tions  of  the  Corniferous  lime- 
stone. The  Corniferous  beds  "consist  of  successive  layers  of  dark  gray 
limestone  I'-IO'  thick,  in  which  are  embedded  multitudes  of  black 
Hint  nodules  one  inch  to  one  foot  in  diameter,  having  no  regular 
shape  but  usually  longer  than  thick,  the  greatest  axis  lying  pai-allel 
with  the  Itedding  planes.  On  exposed  surfaces  the  lime  has  been  re- 
moved by  solution  while  the  nearly  insoluble  chert  stands  out  in 
numerous  black  ]»rojections  ti"-S"  high,  giving  the  beds  a most  for- 
bidding aspect,  the  sharp  dagger-like  ])oints  being  the  terror  of 
bathers.  No  portion  of  the  rock  seems  to  be  free  from  these  Hint 
nodules  and  in  some  parts  of  the  stratum  they  make  up  nearly  half 
of  its  material.  They  are  not  wholly  silicons,  but  often  contain  a 
considerable  (luantity  of  lime,  and  then  the  nodules  bi-eak  u]»  and  de- 
cay by  atmosi)her:c  influences:  the  lime  being  removed  by  solution 
leaves  the  silicious  material  in  such  a rotten  or  s])ongy  condition 
that  it  also  succumbs  to  the  elements. 

“The  origin  of  these  nodules  by  segregation  is  attested  l)y  the  fact 
that  they  are  often  seen  enclosing  fossil  shells,  crinoids,  etc. 

“The  following  analysis  by  IMcCreath  and  Stinson  slunvs  the  com- 

]H)sition  of  an  avei'age  sj)ecimen  of  these  cherty  nodules;  locality. 
East  Stroudsburg.  Monroe  Gounty: 


Oarhonato  of  Limo 

Carhouate  of  Magnesia  

()xiile  of  Iron  and  .Alumina  

Insoluble  residue  

The  ignited  “in.soUible  residue”  gave 

Silica  

Oxide  of  Iron  and  Alumina  

Lime  

Magnesia  


•*®White  I C The  Geology  of  T'ilve  ami  Monroe  counties:  Pennsylvania 
Kept.  G (i,  pp.  137,  118,  120,  1882, 
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“Of  couvse  thtii'e  are  many  of  the  nodules  that  do  not  contain  so 
much  lime  as  this  specimen,  while  others  contain  much  more,  if  one 
may  judge  from  the  readiness  witli  which  they  decompose  when  ex- 
posed to  atmospheric  influences. 

“The  limestone  x>art  or  matrix  which  holds  the  flint  nodules  has 
(he  following  composition  as  determined  by  McCreath  and  Stinson: 

1.  From  Kast  Stroudsburg,  Monroe  County. 

II.  From  land  of  H.  H.  Oampbeill,  Smitlifleld,  Monroe  County. 


I 

II 

(-’arbonate  of  Liino 

89.014 

83.750 

0.915 

1.157 

0.380 

0.480 

0.056 

0.025 

0.012 

0.070 

9.860 

14.470 

100.237 

99.952 

“It  has  been  burned  for  lime  on  several  farms  in  Monroe  county;  but 
owing  to  the  fact  that  the  flint  nodules  were  not  separated  from  the 
matrix  or  ])ure  limestone,  the  experiments  in  this  direction  have  been 
Car  from  satisfactory,  since  a very  large  amount  of  material  always 
failed  to  slack,  or  else  melted  down  into  a silicious  slag.  The  analy- 
ses given  on  a jireceding  ]>age  show  the  matrix  of  these  nodules  to  be 
a very  fair  limestone  for  agricultural  purposes,  and  one  which 
should  slack  with  no  difliculty.  If  the  farmers,  when  breaking  the 
stone  into  small  fragments  for  the  kiln,  would  cast  aside  the  flinty 
nodules,  there  would  be  no  trouble  in  manufacturing  large  quanti- 
lies  of  it  into  an  excellent  fertilizer  and  it  would  pay  them  to  do 
this  rather  than  haul  their  lime  5 or  10  miles  further  from  the  No. 
VI  beds  (as  nearly  all  of  them  do,)  even  if  half  of  the  Corniferous 
rock  should  be  rejected  in  freeing  it  from  the  flint. 

“Then  too.  some  of  the  beds  are  much  more  cherty  than  others,  the 
lopmost  layers  usually  containing  more  of  the  flint  nodules  than 
any  othei-  porlion  of  the  series:  so  that  by  a judicious  selection  of  the 
(piarry  and  ])roper  cari'  in  casting  aside  the  flint  nodules,  the  farmers 
of  <ast(*ru  Monroe  ought  to  make  this  the  main  soui-ce  of  the  lime 
(liey  use  for  agricultural  ])ur])oses,  at  a great  saving  in  cost  compared 
with  the  ])i'ice  of  the  Lower  Helderberg  lime  (No.  VI)  when  hauled 
a distance*  of  5 miles  or  more.” 

The  Corniferous  limestone  near  Palmerton  in  Carbon  County  con- 
sists of  5 feet  of  limestone  containing  flint  nodules  and  20  feet  of 
soft  underlying  argillaceous  limestone  that  was  at  one  time  burned 
for  hydraulic  cement.  It  is  said  that  all  the  masonry  of  the  Lehigh 
Canal  was  laid  with  cement  made  from  this  limestone. 

Near  the  to]»  of  the  Hamilton  formation  there  is  a layer  of  shaly 
limestone  oi‘  calcareous  shale  that  seems  to  represent  the  Tally 
limestone.  It  is  mainly  a.  great  mass  of  corals  embedded  in  a shale 
matrix.  It  is  about  30  feet  thick  and  probably  in  no  place  sufficiently 
rich  in  calcareous  material  to  lie  of  value  as  a limestone. 


BLAIR  AND  CENTRE  COUNTIES. 

In  Blair  and  Centre  connti(‘is  some  calcareous  sti*a1a  witliin  or  just 
l)elow  the  ^larcellns  shales  in  a Itnv  places  pass  into  trne  limestones, 
altliongh  generally  they  are  more  properly  termed  calcareous  shales. 
In  Bald  Eagle  Valley  there  are  a few  occurrences  of  this  character, 
notably  about  2 miles  southwest  of  Unionville.  On  duniata  Biver 
in  Blair  County  there  are  also  sonu'  dark  blue  to  gray  argillaceous 
limestones,  alternating  with  green,  olive  and  gray  calcareous  shales, 
at  about  the  same  horizon.  So  far  as  known,  they  have  not  been 
quarried. 

UNION,  SNYDER,  MIFFLIN,  JUNIATA,  AND  PERRY  COUNTIES. 

• In  the  counties  of  Central  I’ennsylvania  west  of  Susquehanna 
Biver  there  are  many  local  limestones  in  the  Clinton.  Saliiia,  and 
Marcellus  formations. 

The  Clinton  formation  contains  many  thin  limestones,  but,  as  far 
as  known,  in  no  place  are  they  sufficiently  thick  to  lie  ([uarried. 
They  pass  into  fossil  iron  ore  that  formerly  was  mim'd  in  many 
places. 

In  the  Ujiper  Salina  there  are  greenish-colorc'd  magnesian  linu'- 
stones  and  calcareous  shales  that  may  possibly  be  pure  enough  to 
be  worked  for  agricultural  lime  in  certain  localities  although  in 
general  they  are  far  too  impure  to  be  of  any  economic  importance. 

Vear  the  base  of  the  Marcellus  there  is  a series  of  variable  lime- 
stones of  rather  wide  distribution  in  these  counties.  Along  Juniata 
Biver  east  of  Aewton  Hamilto]i  the  series  is  about  40  feet  thick, 
consisting  of  hard  gray  siliceous  limestone  in  beds  2 to  4 feet  thick. 
It  has  been  quarried  for  lime.  The  same  limestone  series  occurs 
in  the  Tuscarora  ^'alle3q  especially  at  Peru  Mills  where  there  is 
a 2-foot  bed  of  good  limestone  underlain  by  impure  greenish  lime- 
stones and  calcareous  shales.  In  Perry  County,  particularly  in 
Madison  Township,  the  Marcellus  limestone  series,  aggregating  50 
feet  in  thickness,  contains  some  beds  of  hard  limestone  suitable  for 
agricultural  lime.  They  are  interliedded  with  thin  seams  of  dark 
shale. 

HUNTINGDON,  BEDFORD,  FULTON,  AND  FRANKLIN  COUNTIES. 

In  Huntingdon,  Bedford,  Pulton,  and  Franklin  counties  there  are 
occasional  thin  limestone  lenses  Avithin  the  Clinton,  Saliua 
(Cayugan),  Oriskany,  Marcellus,  and  Hamilton  formations  but 
economically  tliey  are  of  little  importance. 

White^°  describes  from  the  Clinton  formation  of  Huntingdon 
County,‘’thin  beds  of  light  gray,  bluish-gray  limestone,  streaked  Avith 
calcite,  slightly  fossiliferous  (Avilh  some  greenish-gray  shale  part- 

®^White,  I.  C.,  The  geology  of  Himtiugdoii  (’uunty  : rennsylvauia  Second  Geol.  Survey  Kept.  T‘5, 
pp.  132-ia3,  1885. 
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iugs,)  quarried  for  flux  for  Barree  furnace,  altbough  not  of  tlie  best 
quality,  as  shown  by  three  analyses:  A,  specimen  from  the  upper 
part  of  the  10'  (piarry  bed;  B,  from  the  lower  part;  C,  average 
specimen.” 
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Butts'’^  describes  275  feet  of  shale  and  limestone  overlying  the 
Clinton  formation  of  Blair  and  Iluntingdon  counties  as  the  Mc- 
Kenzie limestone.  It  is  probably  the  same  member  that  is  present 
as  thin-bedded  limestones  in  Little  Cove,  Franklin  County.  Similar 
limestone  beds  are  developed  in  Red  or  Rocky  Ridge,  Bedford  Coun- 
ty. In  Pennsylvania  they  are  of  little  importance  but  near  Hancock, 
Md.,  have  l)een  used  in  the  manufacture  of  Pori  land  cement. 

Butts  also  describes  the  lower  part  of  the  Oriskany  as  the  Shriver 
limestone.  It  is  a thin-bedded  siliceous  limestone  200  feet  thick. 

The  lower  part  of  the  Marcellus  (possibly  representing  the  Onon- 
daga) contains  many  limestone  beds.  Northeast  of  Saxton,  Bedford 
County,  Stevenson^  observed  the  following  sections. 

Section  of  Marcellus  beds  at  Saxton,  Bedford  County. 

Ft.  In. 

Shales  black,  wrinkled  like  gneiss  or  micaceous 


shale,  breaking  like  rotten  wood  12  0 

Limestone,  blue 0 5 

Shale,  like  No.  1 0 2 

Limestone  0 3 

Shale  0 0 

Limestone  .• 0 3 

Shale  I 0 

Limestone  0 2 

Shale,  wrinkled  like  No.  1 3 0 

Limestone  0 3 

Shale,  wrinkled  like  No.  1 1 0 

Limestone,  upper  surface  Avrinkled  0 3 

Shale  5 A 

Limestone  A 5 

Sliale  I A 

Limestone  .- A 4 

Shale  12  A 

Limestone  0 G 


®iButts,  Charles,  Geologic  section  of  Blair  and  Huntingdon  counties,  Central  Pennsylvania: 
Amer.  Jour.  Sci.,  4th  ser.,  vol.  46,  pp.  523-537,  1918. 

^^Pennsylvania  Second  Geol.  Survey,  Kept.  T2,  pp.  83-84,  1882. 
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Shale  1 3 

Limestone  1 0 

Sliale  10-  (I 

Limestone  0 a 

Shale  7 0 

Limestone  0 4 

Sliale  S 0 


08  5* 

“Lelow  this  the  limestone  is  less  in  <iiiantity.  It  is  present  at  all 
localities.” 

White“®  describes  these  same  limestones  in  Huntingdon  County  as 
follows : 

“The  Marcellus  limestone  and  lower  shales  make  a low  but  distinct 
terrace  all  along  the  bottom  slope  of  Warrior’s  ridge.  Thin  beds  of 
greenish-gray  or  bluish-green  limestone,  with  but  few  fossil  shells  as 
a rule,  are  enclosed  in  beds  of  black  slate  and  dark  shale,  without  any 
of  those  chert  nodules  which  occur  at  this  horizon  in  New  York  State 
and  along  the  Delaware  river  in  Monroe  and  Tike  counties. 

“Moreover,  what  fossils  there  are  belong  to  Hamilton  rather  than 
to  Corniferous  typos.  It  is  better,  therefore,  to  regard  these  beds 
as  the  lowest  group  of  the  Marcellus  sub  division  of  the  Hamilton 
formation,  resting  immediately  upon  the  Oriskany. 

“They  are  well  exposed  on  the  gentle  slope  of  Warrior’s  ridge  just 
noi-tli  of  the  Car  IVorks  in  West  Huntingdon,  and  fairly  well  in  the 
bluff  opposite  Huntingdon  (just  south  of  the  middle  Penitentiary 
building)  along  the  public  road,  thus: 


Bottom  beds  of  Marcellus  black  slate  

Bluish-gray  impure  limestones  and  limy  shales  12' 

Black  slates  40' 

Bluish-gray  and  greenish  gray  limestones  10' 

Dark  shales  (and  concealed  l)eds.)  20' 

Oriskany  sanclstiuie  . 


“The  interval  is  here  82'  but  may  be  said  to  average  75',  and  the 
limestone  layers  at  other  exposures  occur  at  vai-ious  places  in  the 
interval.” 

Near  the  top  of  the  Hamilton  formation  in  Huntingdon  County 
there  is  a calcareous  stratum  from  1 to  5 feet  thick  that  seems  to  be 
the  Tully  limestone.  It  is  of  little  value. 


*'riiis  section  adds  to  09  feet  0 inches,  13  inclics  mure  than  as  printed  in  the  original  report. 
Editor. 

® ^Pennsylvania  Second  Geol.  Survey,  Kept.,  T3,  pp.  1885. 


CHAPTER  VII. 


CARRONI  PEROUS  LIMESTONES. 

Geographic  and  Stratigraphic  Position. 

The  Carboniferous  rocks  appear  at  the  surface  over  more  than 
one-half  of  the  State.  They  are  the  only,  or  practically  the  only,  ont- 
croi»])ing  rocks  in  Alleglieny,  Armstrong,  Riitlcr,  Cambria,  Clarion, 
Clearfield,  Fayette,  Greene,  Indiana,  Jefferson,  Lawrence,  Mercer, 
Venango,  Washington  and  Westmoreland  counties  and  are  well 
developed  in  the  following  additional  30  counties:  Blair,  Bradford, 
Cameron,  Carbon,  Centre,  Clinton,  Columbia,  Crawford,  Dauphin, 
Elk,  Erie,  Forest,  Fulton,  Huntingdon,  Luzerne,  Lycoming,  McKean, 
Monroe,  Northumberland,  Perry,  Pike,  Potter,  Schuylkill,  Somerset, 
Sullivan,  Susquehanna,  Tioga,  Warren,  Wayne,  and  Wyoming. 

The  Carboniferous  Sj^stem  is  su)»divided  into  periods  and  forma- 
tions as  follows; 

Permian. 

Dunkard  series  (U]>])(‘r  Barren  Measures) 

Greene  group 
Washington  group 

Pennsylvanian 
I’ittsburgh  series 

IMonongahela  group  (F]»per  Productive  Measures') 

Conemaugh  group  (Lower  Barren  Measures) 

Allegheny  group  (Lower  Productive  Measures) 

Pottsville  series  (Conglomerate) 

Mississippian 

Mauch  Chuuk  series 
Waverly  series 
Pocono  group 

With  the  exception  of  the  anthracite  coal  regions,  Avhere  all  of 
the  strata  above  the  Pottsville  conglomerate  are  grouped  under  the 
name  “Coal  Measures,”  the  above  classification  is  follotved  through- 
out the  State,  although  the  thinning  and  changing  character  of  the 
Pocono,  Mauch  Chunk,  and  Pottsville,  i)roceeding  westward  from 
the  anthracite  regions,  renders  exact  correlations  somewhat  uncertain 
in  some  i>laces. 

In  addition,  each  of  the  formations  has  been  subdivided  into 
members  that  have  been  given  more  or  less  local  names.  The  common 
(Aractice  is  to  name  certain  beds  that  either  aw  of  economic  im- 
portance or  are  fairly  persistent  and  uniform  so  that  they  serve  as 
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good  liorizon  markers.  Thus  almost  every  eoal  or  lime.stoue  l»ed 
has  received  a sj)eeihc  name.  IMaiiy  of  tlie  limestones  that  are  of 
little  or  no  commercial  value  are  of  considerable  use  for  correlation 
])nrposes  as  they  are  apt  to  he  more  persistent  than  the  coals<  sand- 
stones, or  shales  and  various  coals  are  identilied  l)y  their  ])osition 
with  reference  to  jtarticnlar  limestones.  In  the  county  descri])tions 
that  follow,  many  limestones  are  mentioned  even  thongli  they  aii* 
insigniticant. 

Limestones  liave  been  qnari-ied  from  each  one  of  the  formations 
or  groups  listed  although  they  may  be  thin,  non-persistent,  and  of 
inferior  quality.  The  best  and  most  abundant  limestones  are  de- 
veloped in  the  Allegheny,  Monongahela,  and  Washington  groups. 
The  Allegheny  assumes  first  rank  because  of  the  Vanport  limestone, 
the  most  valuable  limestone  of  the  Carboniferous  strata  of  tlu' 
State. 

Character  and  Use. 

The  Carboniferous  limestones  of  rennsylvania  represent  both 
marine  and  fresh  water  de]»osition.  In  some  cases  it  is  somewhat 
uncertain  as  to  tvhether  they  are  marine  or  fresh  water  deposits.  The 
marine  limestones  contain  many  fossils,  as  a general  rule,  whereas 
the  fresh-Avater  beds  are  deficient  in  organic  remains  although  care- 
ful search  is  apt  to  reveal  the  presence  of  occasional  minute  shells. 

The  fresh-Avater  limestones  resemble  each  other  much  more  than  the 
marine  ones.  They  are  almost  invariably  bluish-gray  to  a dove- 
colored  gray  or  slightly  yelloAv  and  Aveather  to  a chalky  Avliite.  They 
are  compact  and  have  a tendency  to  break  Avith  a prominent  con- 
choidal  fracture.  They  are  so  soft  that  rarely  do  they  fulfill  the 
rigid  specifications  for  road  metal,  and  in  addition  are,  in  the  main, 
high  in  argillaceous  content.  They  are  generally  Ioav  in  magnesium 
carbonate.  They  are  also  extremely  variable,  frequently  undergoing- 
extreme  changes  in  thickness,  physical  characteristics,  and  chemical 
composition  Avithin  a fcAv  miles. 

In  contrast,  the  marine  limestones  of  the  Carboniferous  ])reseut 
more  variations  in  their  ])hysical  and  chemical  composition  but  iu- 
dividual  beds  maintain  their  diagnostic  featiires  over  much  Avichu- 
areas.  The  Vau])ort,  Ames,  and  Gree)ibrier,  all  of  mariTie  origin, 
can  be  recognized  by  their  ]thysical  characteristics  alone  over  Avide 
areas  AAdiereas  additional  data  are  generally  required  iu  the  case 
of  the  fresh  Avater  beds. 

The  Carboniferous  limestones  of  the  State  have  l)eeu  most  Avidely 
used  for  agricultural  lime,  most  of  Avhich  has  been  made  in  small 
kilns  for  local  use.  Much  lime  has  also  been  made  by  heaii  roasting. 
Formerly  fluxing  limestone  Avas  obtained  in  many  places  but  at 
present  only  stone  of  good  quality  is  desired  for  blast  furnace  use 
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aud  the  Vanport  limestoae  of  the  Allegheny  group  is  the  only 
satisfactory  one.  The  same  limestone  is  the  only  one  that  is  being 
utilized  for  the  manufacture  of  Portland  cement  although  it  is 
possible  ’that  some  others  might  be  of  some  value  for  this  purpose. 
A similar  statement  might  be  made  concerning  the  uses  of  the  Car- 
boniferous limestones  for  road  metal,  chemical  lime,  and  for  construc- 
tion purposes.  Locally,  however,  it  has  been  found  advisable  to  use 
})Oor  grade  stone  in  preference  to  stone  of  better  (piality  that  would 
have  to  be  shipped  in. 

Unlike  the  older  limestones  of  the  State,  the  Carboniferous  lime- 
stones are  almost  exclusively  conlined  to  regions  where  the  folding- 
action  has  been  slight.  They  therefore  are  flat-lying  or  with  gentle 
dips.  Most  of  them  outcrop  along  the  sides  of  the  steep-sided  valleys 
that  so  largely  prevail  in  the  western  part  of  the  State.  This 
facilitates  the  opening  of  small  hillside  quarries  at  the  outcrop  but 
])i‘esents  great  difflculty  in  the  development  of  large  quarrying  opera- 
tions unless  the  stratum  sought  caps  the  hill  or  lies  so  near  the  top 
that  the  overburden  of  shale  and  sandstone  is  thin.  Where  the  lime- 
stone is  sufflciently  valuable  to  justify  underground  mining  it  is  an 
easy  matter  to  follow  in  the  hill  from  the  outcrop.  The  valuable 
A'anport  limestone  is  being  mined  in  several  places  and  in  at  least 
one  locality  the  upper  Freeport  has  also  been  mined. 

The  Carboniferous  limestones  of  the  State  are  most  numerous  in 
the  southwestern  portion  and  become  less  abundant  and,  in  general, 
of  less  economic  importance  as  one  proceeds  northward  and  north- 
eastward. For  example  the  Carboniferous  limestones  of  the  two 
northern  tiers  of  counties  as  well  as  those  of  the  entire  anthracite 
region  are  negligible  while  about  a dozen  of  the  counties  in  the 
southwestern  portion  of  the  State  contain  fairly  abundant  limestone. 

In  the  county  descriptions  that  follow  it  has  seemed  best  to  start 
with  those  regions  Avhere  the  limestones  are  most  abundant  and 
proceed  toward  the  northeast.  They  are  taken  up  in  the  following 
order : 


1.  Greene. 

7.  Lawrence. 

13.  Forest. 

2.  Washington. 

Mercer. 

Elk. 

3.  Fayette. 

Venango. 

Cameron. 

Westmoreland. 

Butler. 

14.  Warren. 

4.  Somerset. 

S.  Armstrong. 

McKean. 

.0.  Bedford. 

Clarion. 

15.  Potter. 

Fulton. 

!).  Indiana. 

Clinton. 

Huntingdon. 

Cambria. 

Lycoming. 

(i.  Beaver. 

10.  -left'erson. 

Tioga. 

Allegheny. 

Clearfield. 

Bradford. 

n.  ! i‘iir. 

Sullivan. 

- 

Centre. 

LG.  Anthracite 

12.  Crawford. 

regions. 

Erie. 

GREENE  COUNTY. 


A number  oi'  limestones  have  been  recognized  througbnnt  Greene 
County  although  most  of  them  are  locally  developed  and  d(j  not  ex- 
tend through  the  entire  county.  IManj"  of  them  have  been  -worked 
to  sup2>ly  stone  for  agricultural  lime  and  several  have  furnished 
material  for  the  roads.  For  the  latter  pur])Ose  much  of  the  stom* 
is  condemned  as  it  has  a tendency  to  disintegrate  rapidly  when  ex- 
I)Osed  to  the  weather.  Some  of  these  limestones  have  been  acce])ted  by 
the  State  Uighway  Dei)artment  in  the  construction  of  water  bound 
macadam  roads  but  rejected  for  concrete  roads. 

Practically  all  of  Greene  County  has  lieen  nia2)i)ed  since  1000  by 
the  U.  S.  Geological  Survey  and  the  results  published  in  Geologic 
Folios  Xos.  82,  121,  110.  Most  of  the  data  contained  in  this  section 
is  abstracted  from  these  folios  with  minor  changes.  Bulletins  Xos. 
05  and  249  of  the  U.  S.  Geological  Survey  and  Rej)ort  K of  the  Second 
Geological  Survey  of  I’enusylvania  contain  much  valual>le  informa- 
tion, esjjecially  several  local  sections.  There  is  consideral)le  lack  of 
agreement  in  these  various  imblications  which  cannot  be  discussed 
here.  The  generalized  section  given  below  is  cominled  from  liaise 
sources. 


(ieiicrali.z'<'(1  firoloific  section  of  tlreenc  Ciuinti/. 


Carboniferous  Feet 

Permian  (Dunkard  series) 

Greene  grou^)  750  ± 


Windy  Gap  limestone 
Windy  Gap  coal 
Gilmore  sandstone 
Xineveh  sandstone 
Xineveh  coal 
Nineveh  limestone 
Hostetter  coal 
Fish  Creek  sandstone* 

Dunkard  coal 
Tenmile  coal 

Washington  groiij)  400  ± 

Upper  Washkujton  limestone 
Jollytown  limestone 
Jollytown  coal 

Middle  Washington  limestone 
Blacksville  limestone 
Lower  Washington  limestone 
Washington  coal 
Little  Washington  coal 
Waynesburg  “B”  coal 
Galvin  (Colvin’s)  Nun  limestone 
tVaynesburg  “A”  coal 
Mount  Morris  limestone 
Waynesburg  sandstone 
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I’rnnsjlvaniau 

Ixoaougauela  grou]>  370± 

Wayuesburg  coal 
IF  a yneshury  1 ivi  cut  on  c 
FTuioiitowu  coal 
Bemvood  liniestonc 
8e\vickley  (Mapletowii)  coal 
Jiedstoiic  coal 
l^ittsburgli  sandstone 
Pittsl)urgli  coal 

In  the  above  section  the  named  beds  in  each  gronp  do  not  consti- 
tute the  entire  strata.  On  the  contrary,  shales  predominate  but  the 
various  shale  strata  have  not  been  given  s])ecitic  names. 

Distribution  of  the  Geological  Formations. 

The  geologic  maps  contained  in  the  folios  show  the  distribution 
of  the  various  geologic  formations.  These  show  the  MonongahcTa 
group  outcropping  in  the  eastern  part  of  the  county,  along  Monon- 
gahela  Kiver  and  appearing  in  tlie  valleys  of  the  tributaries  for  a 
distance  of  four  to  six  miles.  In  the  valley  of  Tenmile  Creek  the  group 
outcrops  to  within  a mile  of  Wayuesburg.  The  group  is  also  sparingly 
represented  in  the  valleys  of  a few  streams  in  the  iiorthwest  corner 
of  the  county. 

The  Washington  group  of  the  Duidvard  series  occupies  the  divides 
in  the  vicinity  of  Monongaliela  River  and  extends  up  the  tributaries 
as  far  west  at  Rogersville.  It  also  appears  in  the  valleys  of  the  streams 
in  the  northwest  portion  of  the  county. 

The  western  half  of  the  county  is  almost  entirely  underlain  by  the 
Creene  group  with  the  exception  of  some  of  tlie  valleys  mentioned 
above.  It  is  the  most  extensively  exposed  group  of  the  County. 

Descriptions  of  the  Individual  Limestones. 

Ben  wood  ((Jreai)  UmcKfone. — The  Bemvood  limestone  is  tvell  ex- 
posed in  the  eastern  ]>art  of  the  county  along  Monongaliela  River 
and  its  main  trilnitaries,  Tenmile  Creek,  Muddy  Run,  and  Dunkard 
Creek.  It  is  particular!}^  well-exposed  on  Castile  Run,  at  the  bridge 
crossing  Tenmile  Creek,  2 miles  northeast  of  Jefferson,  and  on  Mea- 
dow Run  southeast  of  DavistoAvn.  Throughout  the  greater  fiortion 
of  the  county  the  Bemvood  limestone  is  concealed  by  younger  strata. 
In  a Avell  boring  in  Center  Townshij)  it  was  reached  at  a depth  of 
03  feet. 

“The  most  important  member  of  the  Monongaliela  formation  litho- 
logically is  tile  Bemvood  liniestom*,  Avhich  in  jilaces  attains  a thick- 
ness of  150  feet,  and  has  its  base  about  130  feet  above  the  Pittsburgh 
coal.  The  name  is  derived  from  an  excellent  ex]iosiire  of  this  lime- 
stone at  Benwood,  4 miles  south  of  Wheeling,  W.  Va.  This  limestone 
is  commonly  knoAvn  as  the  Great  limestone. 
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“The  term  Itemvuud  limestone  is  restrieted  to  the  strata  occurring 
between  tli<‘  .AIa])letown  and  i'niontown  coals.  Tliis  bed  is  nev(“r 
soli<i  limestone,  being  bi'oken  up  by  layers  of  shale  and  thin  sand- 
stone into  two  large  divisions.  Tin*  lower  division  is  about  bO  feed’ 
thick,  and  is  generally  comj)os(*d  of  alternating  bands  of  limestone 
and  calcareous  shale.  The  liimvstom*  beds  are  usually  less  than  2 
feet  thick,  although  an  occassional  bed  attains  three  to  live  times 
that  thickness  locally.  The  np]>er  division  of  the  I’enwood  limestone 
is  of  varying  thickness,  from  (i  to  20  fetd,  and  lies  immediately  under 
the  Uniontown  coal.  It  is  composed  of  beds  a foot  or  more  thick 
with  interstratili(Ml  thin  layers  of  shale.  The  lower  division  is  more 
persistent  than  the  upi»er  and  has  a larger  magnesian  content.  The 
analyses  which  are  obtainald(‘  indicate  that  the  comjtosition  is 
variable.  Certain  benches  are  ]»ure  enough  for  making  lime,  while 
others  are  worthless.  The  texture  varies  from  very  line  to  shaly. 
This  limestone  has  been  used  in  the  Monongahela  Valley  for  manu- 
facturing natural  cement.  The  weathered  surface  of  the  limestone 
may  l»e  gray,  almost  white,  bluish,  or  l)rownish ; the  fresh  stone  is 
dark  blue,  flesh  colored,  and  drab.”^* 

In  general  tin*  Eenwood  limestom*  is  suitable  for  agricultural 
lime  but  not  for  building  lime.  It  has  been  \ised  in  the  ]»ast  in  a 
limited  ca]>acity  for  the  manufacture  of  natural  cement  but  is  too 
high  ill  magnesium  carbonate  for  l*ortland  cement.  Some  beds  con- 
tain material  satisfactory  for  road  purjmses. 

Wayneshurg  liincstone. — ‘‘The  interval  between  the  Uniontown  and 
It'aynesburg  coal  is  occupied  by  sandstone  and  shales,  with  a lt»- 
foot  bed  of  limestone  25  feet  below  the  Waynesburg  coal.  This  bed, 
which  is  known  as  the  Waynesburg  limestone,  is  jiersistent  and  can 
be  found  usually  where  the  road  crosses  its  horizon.  It  is  light 
colored  and  fairly  heavy  bedded. 

“The  Waynesburg  limestone,  which  is  found  from  20  to  40  feet 
below  the  Waym'sbiirg  coal,  makes  ;u  strong,  dark  kme.  It  is  i‘X- 
l>osed  and  readily  accessible  in  a number  of  jilaces  iu  the  (pnulrangle. 
Among  these  may  be  mentioned  Braden  Run  a few  hundred  feet 
downstream  from  Kelly’s  coal  bank;  Browns  Run  near  Fowler's 
coal  bank;  along  south  fork  of  Tenmile  Creek  near  the  covered  bridgi* 
1 mile  southwest  of  Jefferson;  on  the  road  from  (’larksville  to  Cas- 
1ih‘  Run,  going  over  the  hills;  on  Whiteley  Creek  three-ipiarters  of  a 
mile  east  of  Whiteley;  and  in  the  hollow  three-([uarters  of  a nide 
east  of  the  mouth  of  Glade  Run.”®® 

Moiuit  Mort  is  liniestonc. — From  2 to  5 fc(‘t  below  the  Waynesburg 
“A”  coal.  White  (Bull.  (>5,  U.  S.  Geol.  8urv.  | <h‘sci-ib(*s  a linu'stoue 
from  1 to  2 feet  thick  well  ex])osed  along  Dunkard  Creek  near  Mount 
iMorris.  It  is  not  ])ersistent  throughout  the  County. 

Calvin  (Colvin’s)  Run  limestone — “White  also  describes  a fairly 
]tui-e  linu'stone  about  J feet  thick  overlying  the  WayTiesbui'g  “A” 
coal.  It  is  named  from  Calvin  Run  which  is  a tributaiw  of  Dunkard 
CT'(‘ek.  Th(‘  linu'stone  is  said  to  be  high  in  iron  in  some  ])laces,  t(> 
have  a bnffish  cast,  and  to  be  unsatisfactory  for  lime  because  of  pour 
slaking  Avhen  luirnt. 


S.  Oool.  Survey.  F‘“‘Cn  121,  pp.  5-0,  1905, 
cit.  pp.  0,  12. 
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Lower  Washmgion  limestone. — The  Lower  Wasliiiigton  limestone 
is  of  little  economic  importance  in  Gi’eene  County  although  present 
in  many  places  in  the  Avestern  part  of  the  county.  It  occurs  im- 
mediately above  the  Washington  coal  bed. 

Section  of  Lower  Washington  limestone  1 mile  northwest  of 

Ryerson  Station.^^’ 

Ft.  in. 


Limestone  1 8 

Shale  1 1 

Limestone  1 0 


Blacksville  limestone. — From  30  to  50  feet  above  the  Washington 
coal  White  (op.  cit.)  describes  a fairly  pure,  generally  gray  limestone 
from  3 to  5 feet  thick  that  is  especially  Avell  exposed  in  the  Duukard 
Creek  region. 

Middle  Washington  limestone. — The  Middle  Washington  limestone 
is  not  important  in  Greene  County.  In  the  Dunkard  Creek  region 
it  is  about  3 feet  thick  and  contains  numerous  fossils.  The  shales 
accompanying  the  limestone  contain  fish  scales,  teeth,  and  fossil 
plants. 

Jolly  town  limestone. — “Thirty  feet  above  the  Jolly  town  coal  and 
20  feet  beloAv  the  Upper  Washington  limestone  is  a limestone  which 
is  exceedingly  persistent.  It  is  hard  and  coarsely  brecciated,  weather- 
ing to  dull  gray,  often  tinged  Avith  yelloAv.  The  surface  frequently 
lias  a roughened  appearance  Avhere  Aveathered.  OAving  to  its  ability 
to  Avithstand  the  Aveather  and  to  its  peculiar  surface  characteristics 
it  is  an  important  guide  in  stratigraphy.  It  is  not  more  than  5 feet 
tliick,  but  it  is  so  resistant  that  some  trace  of  it  is  usually  found 
Avherever  it  has  been  exposed.  Outcrops  are  numerous.  Along  South 
Fork  of  Tenmile  Creek  above  Waynesburg  in  particular,  and  through- 
out the  Avestern  half  of  the  quadrangle  in  general,  blocks  of  the 
yelloAv  limestone  can  be  found  between  the  JollytOAvn  coal  and  the 
Upper  Washington  limestone.”®^ 

This  limestone  is  usnally  regarded  as  of  no  economic  value. 

Upper  Washington  limestone. — “The  Upper  Washington  limestone 
IS  by  far  the  most  conspicuous  and  persistent  member  of  the  Dun- 
kard group  in  this  region.  Its  position  is  from  350  to  440  feet  above 
the  Waynesburg  coal. 

“The  characteristics  of  the  Upper  Washington  limestone  are  so 
marked  in  this  region  that  it  is  easily  recognized.  In  all  portions  it 
Aveathers  to  a gray-Avhite.  This  color  is  in  such  strong  contrast  to 
that  of  other  limestones  in  this  region  that  it  affords  a means  of  cer- 
tain identification.  In  case  of  any  doubt  the  occurrence  of  the  yelloAv 
JollytoAvn  limestone  at  its  customary  place  20  feet  beloAv  is  conclu- 
sive. The  Upper  Washington  limestone  in  this  section  is  from  4 to 
15  feet  thick.  It  is  brittle,  rings  sharply  Avhen  struck,  and  is  divided 
into  tAvo  or  three  layers  by  thin  beds  of  shale.  On  fresh  fracture  the 
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I'odv  is  bliu*,  almost  black,  drab,  and  mottled.  Its  bi-ittbmess  and 
ability  to  Avillistand  the  weather  have  h‘d  to  its  emjdoyment  as  road 
metal,  and  it  is  often  bnrned  for  liimv 

“The  greatest  thickness  of  this  rock  is  seen  near  the  Washington 
roniitT  line.  Just  north  of  the  divide  at  the  head  of  (’r.-iynes  linn 
an  excellent  exposure  Avas  found  in  the  road  l)eside  a small  run. 
The  limestone  is  lb  feet  6 inches  thick,  Avhite  on  the  Aveathered  sur- 
face, and  mottled  gray  inside.  In  the  southern  ]iart  of  the  county 
the  hed  is  thinner,  not  so  Avhite,  and  outcro])s  are  fcAv.”'® 

‘kVlong  Bates  Fork,  BroAvus  Creek,  Teiimile  Creek,  IMcCourtney 
Bun,  Hargus  Creek,  and  Bursley  Creek,  in  the  eastern  ]>art  of  th.e 
Kogersville  quadrangle,  it  ]>resents  its  characteristic  features.  The 
limestone  generally  is  from  b to  10  feet  thick  and  in  some  places  forms 
tAvo  henches. 

“ToAA'ard  the  Avest  the  Upper  Washington  limestone  becomes  thin- 
ner and  less  typical,  and  merges  more  and  more  into  shale.  At  some 
places  on  EtisIoav  Fork  it  forms  tAvo  benches,  but  at  the  AA'esteru 
(Mlge  of  the  County  it  has  not  been  found.  Over  considerable  ai'(>as 
it  is  absent  or  is  doubtfully  identified.®” 

‘‘There  is  a typical  outcro'p  of  the  Upper  Washington  limestone  at 
Ihe  road  forks  on  Wisecarver  Run  2 miles  north  of  the  tin  mill  at 
Waynesburg.  Also  f>n  Furman  Run  2 miles  north  of  Waynesburg, 
the  Upper  Washington  and  JollytOAvn  limestones  are  ex])osed  at  the 
road  forks.  There  ai'e  numerous  outcrops  of  this  bed  along  the  road 
up  Boyd,  Hopkins,  and  Overflowing  runs  at  an  altitude  of  about 
1100  feet,  and  on  the  hillsides  farther  east  at  greater  elevations.  The 
easternmost  outcro]i  in  blorgan  ToavusIt]')  is  2 miles  Avest  of  Chu'ks- 
ville  on  a hill  1420  feet  high.  Avhere  the  limestone  has  been  quarried 
(10  feet  beloAV  the  summit.  At  the  head  of  Dyers  Fork  on  laud  OAvned 
by  Hr.  Zimmerman  and  on  S.  J.  Bradford's  farm  across  the  ridge 
on  the  south,  age  good  outcrops.  In  Wayne  ToAvnship  AA'hite  blocks 
of  Upper  Washington  limestone  outcro]i  along  Roberts  Run  at  eleva- 
tions of  from  1100  to  llbO  feet  altove  sea  level.  An  excellent  ex- 
))osure  in  the  road  ascending  the  rblge  on  the  east  a mile  south  of 
Spraggs  shoAvs  the  usual  chai-acteristics.  The  rocks  rise  to  tlu^  (vast 
so  that  a 1400-foot  hill  near  DavistoAvn  is  loAver  than  the  horizon  of 
the  limestone.  Almost  no  outcrop  of  this  limestone  could  be  found 
in  the  southern  half  of  Whiteley  and  Ferry  toAvnships.  As  a result 
of  deep  AAU'atheiving  of  the  soft  sandstones  and  shales  the  surface  ‘s 
covered  Avith  a mantle  of  Avaste  that  may  have  hidden  the  outcroj). 
but  it  seems  probable  that  at  some  places  in  the  southern  ])art  of 
the  County  the  limestone  is  absent. 

‘‘Frofessor  Stevenson  re])orted  in  187G  that  the  interval  betAveen 
the  limestone  and  the  Washington  coal  varies  from  ?.2b  feet  on  Dnn- 
kard  Creek  to  2()b  feet  on  South  Fork  of  Tenmile  Creek  near  Wayues- 
burg  and  190  feet  on  Ruff  Credv  iu  the  eastern  r»art  of  Washington 
ToAvnship”.®” 

The  U pper  44  ash  ngton  limestone  has  becni  burned  in  many 
])laces  for  agricultural  lime.  The  darker  lay(u-s  are  said  to  fu-oduce 
a clear  Avhite  lime  stiitable  for  plast(uung.  In  several  places  stone 
from  this  horizon  has  been  acc(q)ted  by  the  State  Highway  De])art- 
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meiil  for  tlio  cojisInK-fion  of  water  bound  maradam  roads.  It  has 
recentl}'-  been  (luai-ried  in  several  ])laees  a few  miles  southwest  of 
Kogersville.  A (juarry  al)out  half  a mile  northwest  of  Swarts  worked 
by  (he  State  in  1!)21,  furnished  the  following  section. 

Section  exposed  at  l^hiUlps  qnan\j,  i/,  mile  northwest  of  Swarfs. 

Ft.  in. 


Sliale  1 2 

Shale  b 0 

Limestone  1 2 

Shale  2 2 

Clay  0 10 

Shale  0 7 

Limestone  (Itest  grade)  2 2 

Shale  0 8 

Limestone  1 3 

Clay  0 2 

Limestone  1 0 

Yellow  clay  and  shale 2 3 

Limestone  1 0 

(day  0 2 

Limestone  0 10 

Clay  ? 

Limestone  2 0 


The  limestone  is  soft,  dove-colored,  and  breaks  with  a coiichoidal 
fracture.  Some  of  the  layers  of  limestone  appear  to  be  hard  and  of 
good  quality  Avhen  quarried  but  disintegrate  so  quickly  on  exposure, 
due  to  a high  argillaceoxis  content,  that  they  are  worthless  for  road 
construction. 

Limestones  of  the  Greene  gronp. — The  Greene  group,  so  well 
develo]>ed  in  Greene  County,  contains  a number  of  thin  impure 
limestones,  most  of  Avhicli  are  only  local.  The  formation  in  the  county 
has  a maximum  thickness  of  700  to  800  feet  and  consists  mainly  of 
shah'S  and  sandstones  Avith  a feAv  thin  lenses  of  coal  and  limestone. 
St(W(uison  (R(q)ort  K,  Sec.  Geol.  Sui-v.  of  Pa.)  has  numbered  0 lime- 
stones. White  (Bull.  65,  U.  S.  G.  S.)  has  given  names  to  two  of 
these  layers. 

The  so-called  Nineveh  limestone  lies  about  105  feet  above  the 
Fish  Creek  sandstone.  It  is  exposed  along  the  North  Fork  of  Dun- 
kard  Creek  Avhere  it  is  5 to  10  feet  thick.  It  contains  interstratified 
shale  and  Avi'athers  like  shale.  A feAV  layers  make  good  lime. 

The  Windy  Gap  limestone  is  present  in  the  extreme  soutlnvest 
l)art  of  Greene  (’ounty  Avhen*  it  a])pears  lU'ar  (he  top  of  the  highest 
hills.  The  limestone  consists  of  several  beds,  aggregating  8 to  10 
f(‘et  in  (hickness.  It  is  a dark  l)luish  to  bluish  black  stone  Aveather- 
ing  to  light  gray.  It  has  been  found  to  contain  minute  fossils  and 
occasional  small  crystals  of  zincblende. 


Economic  Importance. 


This  view  of  the  limestones  of  (.ti-eene  County  shows  ]»lainly  that 
the  county  contains  an  abundance  of  limestone  that  can  be  quarried 
in  a small  Avay  to  su[)idy  local  needs  for  agricultural  lime  and  cer- 
tain layers  furnish  satisfactory  material  for  highway  construction. 
On  the  other  hand  it  is  evident  that  they  will  never  be  of  more  than 
local  value. 


WASHINGTON  COUNTY. 

Washington  County  is  abundantly  supplied  with  limestone;  almost 
every  square  mile  has  limestone  either  outcrop})ing  or  near  the  sur- 
face. The  strata  are  interbedded  with  shales  to  such  an  extent  that  in 
some  places  the  intervals  named  l)clow  as  limestones  may,  in  many 
localities,  contain  fully  as  much  shale  as  limestone. 

The  geologic  structures  of  the  county  consist  of  low  anticlines 
and  synclines  and  in  few  places  do  the  strata  dip  more  than  a few 
degrees.  The  region  is  dee])ly  trenched  in  all  ])ortions  with  steep- 
sided stream  valleys  thus  furnishiug  numerous  outcro]>s. 


(Je)ieralized  ycolofiic  srctioii  of  Washiiu/ton  fjoinifjj. 


Carboniferous. 

Permian  (Dunkard  series)  Feet 

Creene  grouj)  dli.-) 


Nineveh  coal 
'Nineveh  limestone 
Claysvi lie  lint esto n e 
Dunkard  (?)  coal 
Prosperity  limestone 
Ten  mile  coal 
Donley  limestone 
U])])er  Washington  coal 

Washington  group  400 

Upper  WasliDiytoti  limestone 
Jolly  town  limestone 
Jolly  town  coal 

Middle  Washington  limestone 

B I a ck  s V Hie  litnestone 

Lower  Washington  Umestotte 

Washington  coal 

Little  Washington  coal 

Waynesburg  “E”  coal 

Calvin  (Colvin’s)  Run  limestone 

Waynesburg  “A”  coal 

Mount  Morris  Umestotte 

Waynesburg  sandstone 

Cassville  shale 
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reuiisylvaiiian.  Feet 

Moiiongahela  group  300 

Wayuesburg'  coal 


Wayneshurg  limestone 
Little  Wayuesburg  coal 
UnioutoAvn  saudstoue 
Uuiontown  coal 
U niontown  limestone 

Benivood  (Great)  limestone  ' limestone 

I Dins  more  limestone 

Scuvickley  coal 

Fishpot  (Sewicklcg)  limestone 
Kedstoiie  coal 
Redstone  limestone 
tdttsburgli  saudstoue 
rittsburgh  coal 

Coiiemaugh  group  500 — 

Little  Pittsburgh  coal 
ijower  Fittslmrgh  limestone 
Connell sville  saudstoue 
Little  Clarkshurg  limestone 
Morgantown  saudstoue 
Elk  Lick  coal 
Elk  Lick  clay 
Birmingham  shale 
Berlin  coal 
Ames  limestone 
Frieudsville  or  Harlem  (‘oal 
Saltsburg  saudstoue 
Bakerstown  coal 
Brush  Creek  coal 
]\lahoning  saudstoue 

The  above  section  does  not  include  all  of  the  strata  present  in 
Washington  County  but  only  those  that  are  fairly  persistent  and 
recognizable  over  considerable  areas  or  those  of  some  economic  im- 
portance. The  strata  named  comprise  only  a minor  portion  of  those 
])resent,  the  bulk  of  the  rocks  consisting  of  unnamed  shales  and  sand- 
stones as  well  as  many  thin  limestone  beds.  Also  it  must  be  borne  in 
mind  that  few  of  the  named  l)eds  extend  over  the  entire  county 
either  as  outcropping  or  concealed  beds. 

All  of  Washington  County  has  been  mapped  since  1901  by  the 
U.  S.  Geological  Siirvey  and  the  results  published  in  Folios  Nos.  94, 
144,  146,  177  and  ISO.  The  above  section  and  much  of  the  data  that 
fellow  have  been  compiled  from  these  folios  and  Bulletins  Nos.  65  and 
249  of  the  same  survey  and  Report  K of  the  Second  Geological  Survey 
of  Pennsylvania.  These  publications  contain  much  information  that 
cannot  be  incorporated  in  tliis  report. 

Distribution  of  the  Geological  Formations. 

Reference  to  the  geologic  maps  in  the  above-mentioned  folios 
shows  that  the  outcrop  of  the  Conemaugh  formation,  the  lowest  in 


tlie  county,  is  conliued  to  the  stream  valleys  in  the  northwestern 
part  of  the  county,  north  of  Washington,  and  to  various  places  along 
the  Monongahela  Kiver  and  the  lower  portion  of  its  tributaries. 
Elsewhere  the  formation  is  concealed  by  later  strata. 

The  Monongahela  group  a})pears  at  the  surface  in  the  northern 
and  eastern  portions  of  the  county.  It  ap}>ears  in  the  stream  valleys 
almost  as  far  south  as  Washington  and  forms  a broad  band  in  the 
Monongahela  Kiver  Valley  that  extends  westward  in  the  tributary 
valleys  to  the  vicinity  of  Ileuningsville,  Emery,  Vanceville,  Three 
and  Four,  Beallsville,  and  Zollarsville. 

The  Washington  group  appears  on  the  divides  in  the  northwestern 
portion  of  the  county  as  far  south  as  'Washington  and  in  a wide 
band  extending  through  Somerset  and  "West  Bethlehem  townshijis. 
In  addition  it  appears  in  most  of  the  stream  valleys  in  the  soulh- 
western  portion  of  the  county. 

The  Greene  group,  the  latest  of  the  Carboniferous  strata  of  the 
county,  forms  the  surface  rocks,  except  in  the  deeper  stream  valleys 
of  practically  the  entire  area  southwest  and  south  of  Washington. 

Descriptions  of  the  Individual  Limestones  of  Washington  County. 

Ames  limestone. — The  lowest  limestone  oxttcropping  in  W^ashington 
County  is  the  Ames  which  has  also  l)een  known  as  the  green  fossil- 
iferous  and  the  crinoidal  limestone.  It  is  the  greenish  gray  inij)ure 
gnarly  limestone  containing  abundant  fossils,  mainly  crinoid  stems 
and  brachiopods.  indicating  its  marine  origin.  It  weathers  to  a dull 
gray.  It  is  rarely  seen  with  a thickness  of  more  than  2 feet  but  in  a 
few  places  it  occurs  in  two  benches  with  a total  thickness  of  S feet. 
It  has  a very  limited  exposure  iu  Washington  County,  the  outcrops 
being  mainly  confined  to  the  northwest  portion  of'  the  county  where 
it  appears  in  the  valleys  of  Aunt  Clara  Fork  of  Kings  Creek,  Kings 
Creek,  and  Harmon  Creek.  It  is  probably  exposed  along  Monongahela 
Kiver  in  the  vicinity  of  Charleroi.  It  is  of  no  economic  importance. 

Little  Clarkstnmj  and  Lower  Pittd)unj  limestone.'^. — In  the  upper 
part  of  the  Conemaugh  group  exposed  in  the  northwestern  ]»art  of 
the  county  there  are  several  thin  discontinuous  limestones,  two  of 
which  have  received  distinct  names.  They  are  of  little  or  no  value. 

Redstone  and  Fislipot  ( Reicicdileii ) Umrstones. — In  several  places 
the  interval  between  the  Pittsburgh  and  Bedstone  coals  consists  of 
T'mestones  interbedded  with  shales.  This  is  particularly  true  in  the 
vicinity  of  Bulger.  These  limestones  have  been  grouped  under  the 
name  of  the  Redstone  limestone.  The  stone  is  a high  silica,  high 
magnesian,  argillaceous  limestone  of  no  value  except  for  agricul- 
tural lime  and  of  little  value  for  that  purpose.  It  has  a dense  non- 
crystalline appearance  not  unlike  flint  fire-clay.  On  Aveathering  it 
breaks  into  small  angular  fragments  shoAving  conchoi<lal  fracture. 


The  Fish]>()t  or  Sewiekley  limi', stone  is  a (liscontimions  limestone 
lens  that  is  locally  develo])ed  heneath  the  Sewickley  coal.  It  is  of 
little  importance  in  Washington  County. 

Beil  tvaod  (drcat)  and  U niontown  Uincstoiies. — “Above  the  Sewick- 
ley  coiil  is  a series  of  strata,  aggregating  in  places  IGO  feet,  which 
was  formerly  called  the  ‘Great  limestone’;  later,  in  accordance  Avitli 
the  S3"stem  of  using  geographic  terms  to  designate  geologic  divi- 
sions, it  Avas  named  the  Bemvood  limestone,  from  the  tOAvn  of  Ben- 
Avood,  W.  Va.,  a short  distance  heloAV  Wheeling.  The  name  Bemvood 
was  later  restricted  to  the  loAvei’  limestones  of  this  interval  and  the 
name  UniontOAvn,  already  in  the  literature,  Avas  retained  for  the 
upper  I'lnestone.  It  is  in  the  restricted  sense  that  Bemvood  is  here 
used.  BetAveeu  the  Bemvood  and  UniontoAvn  limestone  meml)ers  is 
a shale  interval  of  15  to  20  feet. 

“In  the  BurgettstoAvn  and  Carnegie  quadrangles  the  Bemvood  mem- 
ber consists  of  several  beds  of  limestone- separated  by  thick  layers  of 
shale.  To  tAvo  of  these  limestone  beds,  aaIucIi  are  valuable  oil  horizon 
markers,  GrisAVold  has  given  geographic  names.  The  loAver  bed,  of 
cream-Avhite  limestone,  Avhich  lies  35  feet  above  the  SeAvickley  coal, 
lie  has  called  Dinsmore,  from  exposures  at  Dinsmore,  Washington 
County,  Pa.  The  up})er  broAvn  limestone  bed  he  has  called  Bulger, 
from  typical  exposures  at  Bulger,  Washington  County.  The  Dins- 
more limestone  bed  has  a thickness  of  4 feet  and  the  Bulger  limestone 
l»ed  a tliickness  of  1 to  2 feet.  These  Iavo  limestone  beds  are  separated 
by  about  20  feet  of  shale,  olive  green  at  the  top  and  reddish  or  yelloAV- 
ish  beloAV. 

“Above  the  BeiiAvood,  separated  therefrom  by  15  to  20  feet  of  coarse 
calcareous  shale,  lies  the  UniontoAvn  limestone  member,  of  Avhich 
four  se]»arate  beds  can  generally  be  identified,  though  none  of  them 
are  Avdl  develo])ed  in  these  quadrangles.  The  first  consists  of  about 
a foot  of  solid  limestone,  Avhich  sIioavs  a yelloAv  surface  Avhen  Aveather- 
ed  and  is  lilue  Avhen  freshly  broken;  the  AAmathered  surface  ahvays 
shoAvs  small  jirotuberances,  due  to  the  presence  of  particles  that  are 
more  resistant  than  the  surrounding  matrix,  Avhich  give  it  the  ap- 
])earance  of  being  covered  Avitli  small  ])imples  and  make  it  easily 
recognizable.  Ten  feet  above  this  limestone  is  another,  alioiit  a foot 
thick;  it  is  composed  of  two  highly  different  materials,  Avhich  on 
Aveath(*ring  produce  a characteristic  spotted  surface  Avhich  serves  to 
identify  the  rock  Avherever  found.  From  IG  to  18  feet  above  the  last- 
mentioned  IkmI  is  a blue  limestone  Avhich  on  Aveathering  has  a Avhite 
residue  of  clay  upon  its  surface  but  is  nevertheless  easily  distin- 
guishable from  other  Avhite  limestone  because  the  blue  generally 
shoAvs  through  the  surface  color.  A foot  or  so  above  this  bed  is  the 
top  stratum  of  the  Uniontown  limestone  member.  On  Aveathered  out- 
crops this  is  a soft  yelloAv  limestone,  l)nt  on  fresh  fracture  it  shoAvs 
l)roAvnish  red.  It  disintegrates  readily  and  is  seldom  found  in  a solid 
ledge,  its  outcrop  usually  being  marked  by  the  presence  of  broAvn 
limestone  nodules.”"’ 

These  limestones  are  exposed  in  numerous  ])laces  north  of  Wash- 
ington. The  top  layers  form  the  bed  of  Georges  Eun  from  Gretna  to 
its  mouth.  They  are  exposed  along  Brush  Run  and  Buffalo  Creek 
in  HopeAvell  and' Blaine  toAvnshi]>s  and  at  the  mouth  of  Buck  Creek, 
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south  of  Achosoii.  At  the  Arden  mines  al)out  :!  miles  north  of  Wash- 
' ington  a shaft  passed  through  51  feet  of  limestone.  In  Folio  Xo.  180 
of  the  IJ.  S.  Geological  Survey  the  following  section  of  the  rniontown 
limestone  is  given. 

Section  of  Uniontoini  Jiine-stonc  member  on  road  west  from  mouth 
of  (leorges  Run  in  Canton  Toirnship,  Washinfiton  County. 

Ft.  in. 


Limestone,  dark  blue,  very  hard;  weathers  yellowish 

white  1 I 

Shale,  yellow  2 0 

Limestone,  yelhtAv  and  hard,  very  impure  2 0 

Limestone,  stead  gray;  Aveathers  yellowish  to  white  0 0 

Shale,  yellow  0 

Linif'stone,  yellow  0 3 

Shah*,  yelloAvish  8 0 

ldm(*stone,  bull,  very  liai-d;  weathers  black  2 0 

Sandstone,  thin  bedded  3 0 

Linu'stone,  in  several  beds,  steel  gray;  lop  bed 
pini]dy;  bottom  b(*d  weathers  in  grooves  and  fan- 
tastic fortns  to  yellowish-white  color  k,  0 


31  7 

The  Ileuwood  is  exposed  in  ravines  northeast  of  Kammerer,  in 
eastern  Xottingham  Torviiship,  in  Union  Township  and  in  many 
other  places. 

These  limestones  are  generally  high  in  silicia,  magnesium  car- 
bonate and  argillaceous  matter  so  that  they  are  poorly  adapted  for 
flux,  I’ortland  ca'inent,  high  grade  lime,  or  for  road  metal.  They 
have,  however,  been  used  locally  for  agricultural  I'me,  for  dux,  in 
Fayette  County’  for  natural  cement,  and  in  various  ])laces  stone  of 
sufdcient  hardness  f(»r  road  metal  has  been  obtained.  For  none  of 
these  uses.  hoAvever,  are  they  particularly’  Avell  tilted  and  the  bulk 
of  the  stone  is  of  practically  no  economic  value. 

Anali/scs  of  Ren  wood  li)ne.sto)ic  from  Washington  Comity,  Jhi. 
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1. — One  mile  north  of  Canonsbui  ii: : T'pper 
bluish  ?ray  (Vol.  K.  1870.  p.  388;  analysis 

layer,  very  hard  and 
by  A.  S.  McCreath.) 

compact, 

like  conglomerate. 

2. — One  mile  north  of  ( 'anoiisburfr : Middle  layer,  compact,  somewhat  shaly.  color  bluish  .uu'ay 
(Loc.  cit..  analysis  by  D.  McCreath.) 

8. — One  mile  north  of  Uanonsbiirs: : Lower  layer,  hard,  compact,  unctuous,  pearl  jrray  (Loc.  cit.; 
analysis  by  D.  Mcr’renth.l 

4. — Pro]terty  of  I)r.  Shamu’,  in  Somerset  Township.  S miles  from  'Wnshiiifrton  (Vol.  M2,  p.  2515: 
analysis  by  D.  McCreath.) 

Wa !/nrshu rg  limestone. — Tin*  Waynesburg  lirncstom*  ontcro]is  in 
various  ]»arts  of  the  county  bndesiiecbilly  in  tin*  southeast.  It  occurs 
from  Id  to  no  feet  below  th(*  Wayneslnirg  coal,  and  has  a maximum 
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tliiekness  of  about  20  feet  and  a minimum  of  about  4 feet.  It  con- 


Tains  some  good  stone. 

}fount  MorrU  and  Calvin  (Colvin’s)  Run  limestO'nes. — Below  the 
Waynesburg  “A”  coal,  is  the  Mount  Morris  limestone,  between  the 
'Waynesburg  “A”  and  “B”  coals  is  the  Calvin  (Colvin’s)  Run  lime- 
stone and  al)ove  the  “B”  coal  there  are  other  thin  beds  of  limestone 
not  named.  All  of  these  are  local  and  where  developed  are  thin 
and  of  no  importance  except  to  yield  a few  tons  for  local  use 
at  or  near  the  outcrop. 

Lower  Washington  limestone. — “The  lowest  of  the  three  principal 
limestones  outcropping  near  Washington,  and  named  after  that 
town,  generally  forms  the  roof  of  the  Washington  coal.  Occasionally, 
howevei",  a few  feet  of  shale  intervene  between  the  coal  and  the 
limestone.  The  Lower  Washington  limestone  occurs  from  150  to  220 
feet  below  the  to]>  of  the  Upper  Washington  limestone.  Washington 
County  is  the  region  of  its  best  development,  and  here  it  sometimes 
attains  a thickness  of  30  feet.  It  is  generally  interstratilied  with 
much  shale,  as  shown  in  the  following  section; 


Section  of  Lower  Washington  limestone  and  associated  shale  on 

Smith  Run. 
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Total  15  5 

“The  Lower  Washington  is  at  most  places  a hard,  compact  lime- 
stone, which  has  a light  blue-gray  to  fleshy  color  and  usually  weathers 
l)luish  white.  The  color  is  not  distinctive,  and  in  general  it  can  be 
said  that  the  color  of  none  of  the  limestones  in  the  Dunkard  forma- 
tion is  a certain  guide  to  the  identity  of  the  bed.  The  colors  men- 
tioned are  characteristic,  however,  and  usually  assist  in  identiflca- 
tion.”“ 

Blarksvillc  Ihnc.stone. — White  ( U.  S.  G.  S.  Bull,  (io)  describes  as 
the  Blacksville  limestone  a generally  gray,  fairly  pure  limestone  from 
3 to  5 feet  thick  that  is  fairly  persistent  throughout  portions  of 
Washington  County  from  30  to  50  feet  above  the  Washington  coal. 
It  is  difficult  to  recognize  in  most  sections. 
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Middle  Washi)t(/loii  Hmcstone. — “A))ove  tlie  Lower  \V;ishin”-1on 
limestone  occurs  a thickness  of  (iO  to  100  feet  of  shales  end  shaly 
sandstones.  Occasioiuilly  this  interval  contains  a thin  bed  of  lime- 
stone. In  place's  prominent  sandstone  beds  occur  locally.  At  the  to]> 
of  this  interval  and  100  to  110  feet  below  the  Upper  Wash  in  e,- ton 
limestone  another  bed  (»f  limestone  generally  occurs.  It  is  a hard, 
compact,  light-grayish  or  tlesh-colored  limestone,  usually  coarsely 
brecciated  and  containing  numerous  s])Ots  of  crystalline  ealcite. 
This  linu'stone  generally  can  be  recognized  by  the  great  quantity  of 
iron  it  contains,  Avhich  gives  it  a bright-yellow  weathei'ed  surface. 
The  weathered  ])art  fre(inently  extends  to  a depth  of  several  inches, 
and  liuallj'j  exfoliates  and  crumbles  off.  Some  of  the  basal  layei's 
are  more  earthy  and  slaty  and  do  not  have  this  characteristic.  Tlie 
bed  is  in  some  places  10  to  HO  feet  thick.  A trace  of  coal  or  black 
shale  occurs  at  some  localities  in  connection  with  the  limestone. 

“The  iliddle  Washington  limestone  has  a wide  distril>ntion  in  tin* 
county,  but  occurs  in  typical  form  near  Washington.  Tn  a cut  on  the 
Baltimore  and  Ohio  Bailroad  in  the  eastern  part  of  the  town  the 
large  yellow  bonblers  fi'om  the  bed  are  tinely  exposi'd.  The  npuer 
or  ferruginous  part  of  the  bed  is  richly  fossiliferons,  but  the  fossils 
are  generally  not  identitiabh'.  They  are  usually  replaced  by  crystal- 
line calcite  and  therefore  can  not  be  recognized  on  fresh  fracture, 
and  on  the  weathered  surface  their  characteristics  can  not  be  deter- 
mined. One  of  the  best  localities  for  fossils  is  the  cut  in  the  eastern 
part  of  Washington.  Minute  univalves  and  bryozoans  and  a di])lo<lns- 
like  tooth  have  been  found  here  (Bept.  K,  ]>.  49).’’" 

“The  iliddle  Washington  limestone  attains  its  greatest  dev(*lo]> 
ment  in  Independence,  Canton,  and  Hopewell  townshi])S,  where  it  is 
between  25  and  .30  feet  thick.  It  outcrops  well  towai'd  the  tops  of 
the  hills  in  Iiotli  these  townships  and  eastward  into  IMonnt  Pleasant 
and  Chartiers  townshi])s.  It  is  linely  ex])osed  about  half  a mile 
north  of  the  corner  of  Hopewell,  Mount  Ph'asant,  and  Canton  Bnvn- 
ships,  as  shown  in  the  following  section : 

Sectio)!-  of  Middle  Mdi‘<hiu(/io)i  limestone  memher  on  road  from 

BuiJalo  to  Gret)ta. 
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‘‘In  Blaine,  BnfTalo,  and  Donegal  townships  this  limestone  is  always 
present  in  ontcrop,  though  it  is  thinner  than  in  the  townships  to- 
ward the  north,  being  in  feAV  places  more  than  20  feet  thick.  The 
heavy  yelloAv  ledge  near  the  middle  is  as  a rule  })rominently  exposed 
and  serves  as  an  unfailing  geologic  marker,  ranging  from  70  to  82 
feet  above  the  Washington  coal.  Toward  the  southwest  corner  of 
th.e  quadrangle,  near  Good  Intent,  this  limestone  appears  to  be  rep- 
resented by  two  or  three  thin  layers  embedded  in  brown  shaler’^'^ 

Jolhjtown  limestone. — “In  accordance  with  the  usage  of  Stevenson 
(187G)  and  Stone  (1905)  the  term  Jollytown  limestone  is  applied  to 
the  limestone  occurring  al)ove  the  Jollytown  coal  and  30  to  40  feet 
below  the  Upper  Washington  limestone.  It  is  a hard,  grayish,  some- 
times brecciated  limestone,  Aveathering  light  gray  to  dirty  yellow, 
and  is  a good  guide  to  the  geology.  It  is  at  some  ]daces  several  feet 
thick,  and  appears  below  the  Upper  Washington  limestone  on  most 
of  the  roads  in  the  soutlnvestern  part  of  the  county. 

Upper  Washington  limestone. — “The  to])most  bed  of  the  Washington 
formation  is  the  Upper  Whishington  limestone,  Avhich,  with  the  ex- 
ception of  the  Waynesburg  sandstone,  is  the  most  conspicuous  and 
])ersistent  member  of  the  Dunkard  group.  For  this  reason  it  was 
chosen  as  the  best  horizon  at  which  to  subdivide  the  group  into  for- 
mations. It  occurs  630  to  710  feet  above  the  Pittsburgh  coal  and  280 
to  400  feet  above  the  Waynesburg  coal.  The  variation  is  irregular, 
but  in  general  the  thinning  of  the  interval  from  the  ITttsburgh  coal 
s(*ems  to  be  toward  the  nortlnvest. 

“The  characteristics  of  the  Upper  Washington  limestone  are  rather 
distinctive.  It  is  hard,  compact,  and  brittle,  and  is  geuera'ly  made 
u])  of  a number  of  layers  separated  by  thin  beds  of  shah*.  Through- 
out the  greater  part  of  Washington  County  it  consists,  in  its  upper 
])art,  of  a limestone  which,  on  fresh  fracture,  is  dark  blue-gray,  bluish 
black,  or  nearly  black  in  color.  Generally  it  contains  dral)  and  mot- 
tled layers.  The  rock  as  a rule  is  high  in  calcium  carbonate.  In  some 
]>arts  of  the  d’strict  is  is  easily  recognized  by  its  weathered  surface, 
which  is  almost  white,  with  a sliglit  tinge  of  blue.  It  varies  in  thick- 
ness from  4 to  30  feet. 


Section  of  Upper  Washington  limestone  and  associated  rocks 
at  tunnel  1 mile  east  of  Washington. 
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Total  tliu-kness  of  Up]ter  lA'ashiugtnii  limestone  U!  11 
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"The  best  exposures  of  this  liiiiestuiie  are  in  the  vicinity  of  Washing- 
ton, where  it  reaches  a thickness  of  nearly  30  feet.  The  tunnel  of  the 
llaltimore  and  Oliio  Kailroad  1 inile  east  of  town  cuts  througli  the 
bed,  exposing  at  its  wesbuai  end  of  llie  si'ction  given  below.  The  lime- 
stone is  quarried  at  this  }dace. 

“On  Cemetery  Hill,  in  the  soulhwestern  i>art  of  Washington  the 
total  thickness  of  the  limestone  is  30  feet,  as  shown  in  a section  by 
Stevenson  ( Kei>t.  fv.  p.  40).  A good  [lartial  section  of  the  limestone  is 
exposed  in  a (piarry  oiu'-half  mile  northeast  of  town,  on  tlie  Williams- 
l»ort  Pike,  where  it  is  (luarried  and  cnisiied  for  road  metal.  The  lime- 
stone is  well  ex]»osed  on  all  the  roads  leading  out  of  Washington  to- 
ward the  east  and  south,  and  outcro])S  at  many  ptiints  in  the  Xineveh 
syncline  in  South  Strabaue,  northern  Aniwell.  and  South  Franklin 
townshi])S.  In  this  region  great  care  is  necessary  to  avoid  confusing 
it  with  a similar  limestone  which  occurs  100  to  130  feet  higher  in  the 
s^eries.  Tliis  limestone  is  also  dark  blue  to  black  in  color,  and  in 
thickness  and  other  characteristics  seems  to  be  almo.st  tlie  exact 
counterpart  of  the  F])i»er  AVashington. 

“A  good  exposure  of  the  Upper  Washington  limestone  occurs  in  a 
quarry  on  the  hill  just  southeast  of  Washington.  The  bed  is  here 
15  feet  in  thickness.  On  the  u])lands  in  the  vicinity  of  Mount  Wdieeler 
the  limestone  is  deeply  buried,  but  it  ap|)ears  again  for  about  a mile 
between  Vankirk  station  and  C'hambers  dam,  and  south  of  McCracken 
station  is  exposed  along  Bane  Creek  from  100  to  200  feet  above  the 
tloor  of  the  valley.  In  the  vicinity  of  Amity,  and  in  general  through- 
out the  southern  part  of  Amwell  Township,  it  is  hiah  on  the  iiills. 
South  of  Tenmile  Creek  it  is  overlain  by  200  to  400  feet  of  rock. 
Its  outcrop  extends  along  the  valleys  and  ravines  for  the  entire 
distance  between  Dunne  station  and  Bissell. 

“Throughout  West  Bethlehem  Township  there  are  many  outcrops 
of  the  limestone,  but  they  all  occur  high  on  the  hills,  so  that  they 
appear  on  the  map  as  mere  patches.  In  the  vicinity  of  Scenery  Hill 
they  are  somewhat  more  extensive.  One  of  the  most  continuous  ex- 
posures of  the  limestone  is  on  a long  ridge  on  which  a road  runs 
in  a northeast-southwest  direction  about  midway  between  Daniels 
and  Plum  runs,  Avest  of  BealLsville.  The  bed  here  seems  to  be  at  least 
30  feet  thick  and  numerous  fragments  of  dark  blue-gray  limestone 
ap]>ear  for  several  miles  near  the  top  of  the  ridge.  It  has  been 
(piarried  on  a knob  about  a mile  Avest  of  Beallsville  and  on  the 
Xational  Pike  one-half  mile  northeast  of  Odell.  Xear  by,  on  the 
same  hill,  the  thickness  of  the  limestone  ajipears  to  be  as  great  as 
50  feet. 

“X'ear  the  middle  of  the  Uiq)er  AYashington  limestone  occurs  a dark 
layer  Avhich  coiitains  great  numbers  of  little  bivalves  and  crust- 
aceans. Fragments  of  mollusks  also  occur.  The  fossils  are  in  general 
Avell  preserved,  but  can  rarely  be  broken  out.  This  layer  of  the 
U])per  AAMshington  limestone  gives  a peculiar  fetid  odor  aa’Iicu  struck 
by  a hammer.”®® 

“The  U])per  AAbishington  limestone  underlies  the  southAA’estorn 
half  of  the  county,  except  narroAv  areas  along  valleys  of  the  largei' 
streams.  It  is  also  barely  above  drainage  level  on  Tenmile  Creek  east 
of  Pros])eriW  and  is  exposed  on  Short  Creek  only  in  the  vicinity  of 
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S])arta.  Up  Tenmile  Creek  from  J’rosperity  the  oiitcrop  of  the 
Upi)er  Wasliington  liim>stoiie  rises  faster  than  the  bed  of  the  stream, 
and  at  tlie  head  of  the  valley  it  encircles  the  higher  hills.  It  appears 
to  be  tliickest  at  the  ty]»e  locality  in  the  vicinity  of  Washington, 
thinning  somewhat  toward  the  northwest  in  Canton,  Chartiers,  Hope- 
well,  and  Independence  townships.  Southwest  Of  Washington  the 
lower  iKU’tion  of  this  limestone  becomes  variable  and  in  places  does 
not  ontci-o]).”"" 

All  the  Washington  limestones  have  been  cpiarried  for  agricultural 
lime  and  for  road  metal.  The  U]>per  Washington  is  especially 
valuable  for  these  pur])oses  and  has  been  widely  iised. 

Analysis  of  Upper  Washington  Urnestone  near  Washington,  Pa. 


Insoluble  residue  

Clalciuni  carbonate  (CaCOa)  __ 
Magnesium  carbonate  (MgCOa) 


Alumina  (AI2O3)  \ 

Ferric  oxide  (Fe^Os)  \ 

Suliihur  

riiosiiliorus  


17,3^0 

72.866 

3.813 

2.929 

.155 

.061 


Sample  from  middle  of  bed;  hard,  compact,  blui.sh  gray  limestone;  conchoidal  fracture. 
Vol.  K.,  Sec.  (ieol.  Surv.  of  Pa.  p.  388,  Analysis  by  D.  McCreath. 


Donley  limestone. — “For  the  most  ivi despread  and  uniform  lime- 
stone in  the  Greene  formation  throughout  the  southwestern  part 
of  the  county,  the  name  Donley  has  been  adopted.  It  is  from  18  to 
45  feet  above  the  bottom  of  the  formation,  and  is  ]»resent  where  its 
horizon  comes  to  the  surface.  In  the  vicinity  of  Donley  Toivuship, 
a tyiiical  section  shows  this  limestone  in  three  or  four  layers  having 
a total  thickness  of  5 or  G feet.  The  characteristic  feature  is  its 
dark,  rusty,  lichen-covered  surface  Avhen  weathered.  The  limestone 
is  very  hard  and  tough  and  fractures  unevenly  rvitli  a dark  steel-gray 
to  almost  Idack  color,  having  a very  coarse  grain  and  shoAving  numer- 
ous calcite  crystals.  The  bed  is  also  distinguished  by  its  peculiar 
jointing,  Avhic'h  has  a striking  resemblance  to  that  of  dry  mud,  the 
blocks  being  irregular  in  shape  and  from  1 to  3 feet  in  diameter.  The 
joints  are  usually  very  distinct,  many  of  them  being  from  1 to  3 
inches  Avide  and  filled  Avith  dark-red  residual  clay.  The  Donley 
limestone  is  generally  overlain  by  a light-gray  laminated  sandstone, 
15  to  20  feet  thick  Avhich  locally  becomes  massive.’^ 

Prosperity  Urnestone. — “AboA^e  the  Tenmile  coal  is  a rusty-yelloAV 
limestone,  having  a maximum  thickness  of  10  or  12  feet,  Avhich  has 
been  named  the  Prosperity  limestone,  from  the  village  of  that  name 
in  Morris  ToAvnship.  The  top  of  this  limestone  is  from  100  to  115  feet 
above  the  top  of  the  IJp])er  Washington  limestone.  The  top  layers 
are  in  jdaces  light  bluish,  fracturing  irregularly  Avith  a,  dark-gray 
to  rusty-black  color,  and  are  very  coarse  grained.  The  other  layers 
are  dark  gray  to  buff  on  fracturing.  This  limestone  is  fairly  per- 
sistent in  the'  soutliAA^estern  ]>art  of  the  County,  being  present  on  all 
the  hillsides  in  the  vicinity  of  Pleasant  Grove.  Its  heaviest  outcrop 
is  northeast  of  Pleasant  Grove,  along  the  top  of  the  ridge  betvA^een 
East  Finley  and  South  Fi-anklin  TOAvnships.” 

Claysville  limestone. — “From  205  to  225  feet  above  the  base  of  the 
Greene  formation  is  a limestone,  separated  into  tAvo  layers  by  G to  8 
feet  of  yelloAV  shale.  The  toi>  layer  is  G to  8 inches  thick,  bluish  Avhite, 
and  dark  broAvn  on  fresli  fractures.  The  bottom  layer  is  hei-e  and 
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there  as  imieh  as  18  iiu-hes  tliiek,  weathers  with  a roti^h  surface  to 
a reddish  or  yellowish  color,  and  is  dark  gray  on  fracture.  This 
limestone  uiulerlies  a considerable  area  in  the  southwestern  ptirt 
of  the  county.  In  tlie  northern  ptirts  of  East  and  ll'est  Finley  and 
Morris  townshi]is  it  is  rather  a coin[»act  bed,  from  (J  to  S feet  thick, 
the  top  layers  being  heaviest  and  all  having  a dark  gra^^  color. 

Xincrch  J’nncstouc. — Capping  many  of  the  highest  hills  in  Morris 
and  East  and  West  Fbnley  townshij)S,  there  is  a bluish  white  to 
cream  limestone  a few  feet  beneath  the  Xineveh  coal  that  is  called 
the  Xineveh  limestone.  It  contains  2 or  3 massive  layers  that  are 
quite  hard  and  tough. 

Economic  Importance. 

Tlie  limestones  of  IVashington  County,  although  altundant  and 
varied,  are  in  the  main,  of  inferior  grade  and  do  not  compare  favor- 
aldy  with  those  of  other  portions  of  the  State  or  of  adjoining  States. 
However,  their  accessibility  i»ermits  them  to  be  extensively  used 
throughout  the  county  for  highway  construction  and  for  lime. 
Individual  IkhIs  possess  the  desired  composition  for  the  manufacture 
(.f  roitland  cement  and  it  may  well  he  that  detailed  investigations 
may  discover  some  places  where  good  stone  may  be  ol)tained  in  large 
enough  quantities  and  at  sufliciently  low  ex])ense  to  justify  the  erec- 
tion of  a cement  plant,  although  no  such  locality  is  known  to  the 
writer. 

WESTMORELAND  AND  FAYETTE  COUNTIES. 

Westmoreland  and  F''ayette  counties  contain  many  limestones  fairly 
v.-ell  distributed  In  the  main  they  are  inquire  and  interbedded  with 
much  shaly  material  so  that  they  do  not  form  the  basis  for  any  ex- 
tensive quarrying  industry.  Locally,  however,  they  have  been  ([uarried 
in  scores  of  places  for  the  manufacture  of  agricultural  lime  and  for 
road  metal. 

The  strata  of  the  counties  were  studied  iii  considerable  detail  by 
the  Second  Geological  Survey  and  descril)cd  in  Reports  KK  and 
KKK.  Between  1900  and  lOO.I  the  central  part  of  IVestmoreland 
County  and  all  except  the  eastern  part  of  Fkiyette  County  has  been 
surveyed  by  the  U.  S.  Geological  Survey  and  the  results  published  in 
F'^olios  82,  91  and  lit).  Additional  information  is  contained  in 
Bulletins  05  and  219  of  the  FT.  S.  Geological  Survey. 

From  the  above  sources  the  generalized  geologic  section  given 
beloAF  has  been  comjiiled.  In  the  section  only  the  membei-s  of  econ- 
omic importance  or  of  especial  p]-ominence  are  given.  The  greater 
portion  of  the  stratigraphic  column  consists  of  unnamed  shales  and 
sandstones.  There  are  also  occasional  lenses  of  limestone,  some  of 
^^■hich  in  restricted  areas  may  be  of  some*  inq)or1auc(‘,  that  ar(>  like 
wise  omitted  in  the  S(‘ction. 

S.  Gcol.  Sm  vf\\ , Folio  ISO.  i>.  7. 
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(Jciteralizcd  geologic  section  of  Westmoreland  and  Fayette  Counties. 
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Distribution  of  the  Geological  Formations. 

The  old(‘s1  I’oeks  of  fliese  eouiiliirs,  ilie  (’afskill,  I'oeoito  and  .Maiiidi 
k’liinik,  arc  (oitirely  confined  to  tin'  two  ])i-oiniii(*nl  ridges,  ('lieslnnl 
Kidjte  and  Laurel  Ilill,  lhal  (*xtend  llironyh  the  easOnai  half  of  fhe 
conniies  from  the  ^Vest  Vir;ninia  line  to  Indiana  ('onnfy,  and  (o  tiie 
valley  of  Yonf^hioi’lieny  Kiver  helween  lhes(>  two  ridges.  The  Totts- 
ville  sandstones  are  develo]>ed  along  the  lower  slopes  of  these  ridges. 
The  Allegheny  and  ('oneniangli  gi-onjis  foiin  most  of  the  surface 
strata  throughout  the  ijigonier  \ alley  and  ontcroj)  ov(*r  consid(‘rahle 
areas  in  the  western  half  of  the  counties.  The  iMonongahela  and 
Washington  gronjis  are  contined  tti  the  weestern  and  northwestern 
parts. 

Descriptions  of  the  Individual  Limestones 
IjOi/(tlh(nuKi  (^iUceous)  lime, stone. — The  rocono  series  consists 
mainly  of  sandstone  hut  near  the  to]»  includes  one  bed  that  has  Iteen 
termed  a siliceous  limestone  and  given  the  name  of  Loyalhanna  in 
recent  years.  It  might  eipially  well  be  called  a calcareous  sand- 
stone and  actually  does  grade  downward  into  a true  sandstone.  It 
consists  of  grains  of  silica  cmnentml  by  calcium  carbonate.  It  is 
e.ximsed  in  many  jdaces  in  (diestnnt  Kidge  and  Laurel  Hill. 

Along  the  Yonghiogheny  Kiver,  Loyalhanna  Creek,  and  Conemangh 
Kiver  it  has  been  extensively  (jnarried  for  railroad  ballast.  It  is 
about  (id  feet  thick  and  grades  njiward  and  downward  into  trm* 
sandstones.  It  thins  towaid  the  southwest  and  is  said  to  be  only 
about  18  feet  thick  where  it  is  crossiMl  by  the  National  Kike  and 
no  more  than  I feet  at  the  Htate  line. 

In  1921  Childs  ([uarry  at  Long  Kridge  along  Loyalhanna  Creek, 
1 mile  northwest  of  McCance  post  office  was  being  worked  by  Kooth 
and  Flinn  (Plate  XI 11  ),  vho  arc*  also  o|iorating  a qnarrv  along 
the  Conemangh  Kiver,  2 miles  southeast  of  IMairsville  Intersection 
At  the  former  place  the  qnaia-y  face  was  about  2500  feet  long.  The 
calcareous  jiortion  is  from  50  to  55  feet  thick  and  is  used  both  for 
railroad  ballast  and  jiaving  blocks.  !8ome  of  the  liner  stone  has 
been  accepted  by  the  State  Highway  Hepartment  for  road  construc- 
tion. 
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PLATE  XIII. 


A.  Loyalhanna  limestone  showing  cross  bedding,  Booth  & Flinn  quarry, 
Long  Bridge,  Westmoreland  County. 


B.  Loyalhanna  limestone  showing  massive  character.  Booth  & Flinn  quarry, 
Long  Bridge,  Westmoreland  County. 


About  two  miles  north  of  the  Xatioiial  IMke  along  Heaver  ('iv'ek 
this  limestone  has  been  (piarried.  Ihtrtions  are  said  to  have  been 
bnrned  for  lime  and  to  have  made  a good  natnral  mortar  bnt  it  is 
evident  that  in  most  ]>laees  there  wonbl  be  an  excess  of  sand.  The 
lower  part  is  red  and  the  ni)])er  ]>art  gray. 

Grcenljyicr  (Moiuitaln)  li mcsioiie. — The  Manch  Chnidc  series  in 
Westmoreland  and  Fayette  counties  contains  the  Greenbrier  linn*- 
stone,  formerlj'  known  as  the  IMnnntain  limestone.  This  series  is 
about  30-40  feet  thick  at  the  State  lim*  and  gradually  decreases  north 
ward.  In  the  gorge  of  Loyalhanna  Creek  it  is  only  about  3 feet  thick. 
It  lies  al)out  50  feet  above  the  Loyalhanna  limestone  and  outcrops  in 
both  Chestnut  Eidge  and  Laurel  Hill.  It  has  been  quarried  in  many 
])laces  for  agricultural  lime  and  in  r(‘cent  years  for  highway  con- 
struction. 

At  the  Thom])son  quarry  (Plate  XII,  !►)  along  the  National  Pike* 
about  03^  miles  southeast  of  Uniontown,  where  the  State  Highway 
Department  has  in  recent  years  obtained  much  material  for  the 
roads  and  which  was  previously  worked  for  agricultural  lime,  the 
following  typical  section  is  exposed. 

Section  of  Greenbrier  lirneslonr  O'l-  mHex  .-tonthrnsf  of  Uniontoirn. 

Ft.  in. 


Surface  clay  |fass;ing  downwaial  into  gi-etm  shale  . . 3,  C 

-Massive  bed  of  hard  limestone  1 S 

<treenish,  fossilil’erons  shah*  with  thin  stieaks  of 

linu'stOiK* 2 (I 

Thick-bedded  limestone  q u 

1 )ark-color((l  shale  1 (; 

Thick-bedded  limestone  22  0 

-\rgil!aceous  limestom*  q c, 


-Vl)out  1 mile  north  of  this  locality  along  Heaver  Creek  two 
quarries  have  been  worked  recently  to  obtain  material  for  small 
kilns.  The  beds  are  lithologically  similar  to  those  given  in  the  ahovi* 
section  hut  with  material  differences  in  thickiu'ss  which  seems  to 
indicate  consideiable  variation  in  the  formation. 

Johnsfoirn  eenient  Laic.sffoy/c.- -This  member  has  also  been  called 
the  Fpper  Kittanning  limestone.  It  is  exposed  in  several  places 
in  Westmoreland  County  and  in  a lew  places  in  Fayette  County, 
although  not  ])ei'sistent ..  4 he  most  south(*rn  ex])osure.s  known  arc* 

on  Laurel  Lun  and  Indian  Creek  in  Springfield  Townshi]),  Fayc*tte 
County,  where  it  is  about  S feet  thick. 
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‘‘Along  tlio  east  face  of  Chestnut  ridge  this  horizon  is  rarely  ex- 
posed and  no  evidence  of  the  presence  or  absence  of  the  limestone 
was  obtained  until  near  tlie  Conemangh,  where  the  rock  is  present 
as  a hard,  thin  limestone,  weathei-ing  veiw  light  bine  ami  having 
no  economic  ini]:'ortance.  Along  the  base  of  Laurel  ridge  it  occurs 
with  less  irregularity  having  been  seen  on  Indian  creek  in  Donegal, 
on  the  Felger  road  ludween  Donegal  and  Cook,  on  White  Oak  run 
in' Cook,  bnt  in  this  township  it  is  abs;ent  from  Powder  Mill  run, 
where  its  jdace  is  held  by  feridferons  shale;  in  Ligonier  it  is  absent 
fi-om  Linn’s  run  and  Furnace  run  but  is  present  on  Laurel  run. 
Between  the  last  two  it  alternately  a])peais  and  disap])ears,  while 
on  Laurel  run  it  disa])pears  abrnjitly  at  barely  two  miles  above 
Langhlinstown.  Aorlhward  from  this  line  it  was  not  seen  and 
il  seems  to  be  absent  fiom  Fairli(dd  and  St.  Clair  townshi])s. 

“This  limestone  is  of  minli  inrpoidama*  notwithstanding  the  ir- 
i(‘gnhirity  of  its  oecuri-ence.  It  is  burned  to  supply  lime  for  agri- 
enltnral  ])ur]toses.  bnt,  as  it  is  often  (piite  argillaceous,  the  hurning 
must  be  carefully  ])eid'ormed  or  much  ciiider  will  be  produced.”®® 

Loircr  Freeport  limcnfo)if. — 4110  Lower  Freeport  limestone  is  of 
little  imi)ortance  in  these  counties.  It  has  been  observed  in  Fayette 
County  along  the  lailrond  at  the  west  end  of  the  Youghiogheny  Gap 
through  Chestnut  Bidge  where  it  is  2 feet  thick.  In  Westmoreland 
County  it  is  exposed  in  St.  Clair  Township  and  on  Tub-Mill  Run 
and  along  the  railroad  in  Fairtield  Townshij)  where  it  ranges  from 
2 to  4 feet  in  thickness. 

Upper  Freeport  limestone. — The  U]»])er  Fieeport  limestone  is  the 
only  important  limestone  member  of  the  Allegheny  formation  of 
tV(*stmoreland  and  Fayette  Counties.  The  formation  is  exposed  on 
both  sides  of  Chestnut  Ridg<‘  and  Lainad  Hill.  Most  of  the  exposures 
of  this  limestone  are  on  either  side  of  the  Ligonier  Valley.  It 
lies  from  5 to  Lb  feet  below  the  Upi)cr  Fi'cejiort  coal  and  has  a maxi- 
ninni  thickness  of  abotif  IS  feet.  In  some  places  it  is  entirely  ab- 
sent and  in  other  sections,  only  a few  feet  thick.  In  Henry  Clay 
Township,  Fayette  County,  it  outcrops  on  both  sides  of  Laurel 
Hill.  In  Wharton  Townshii>  it  is  more  than  10  feet  thick  on  Big 
Handy  Creek  near  tin*  State  Line  but  absent  along  the  National 
Pike.  It  is  6 feet  thick  along  the  headwaters  of  Big  Meadow  Run. 
It  is  well  develojied  in  Stewart  Township  Imtli  in  the  western 
]»arl  and  along  -Tonalhans  and  ('ucumber  runs.  It  is  18  feet  thick 
on  1he  hill  above  the  mouth  of  .Tonalhans  Run  but  only  .3  feet  thick 
at  the  northern  edge  of  the  townshij).  It  is  irregular  in  the  region 
norih  of  the  Youghiogheny  Rixan-.  Xiair  Ohiojiyle  it  is  0 feet  thick, 
near  S|)ringliehl  from  3 1o  5 feet  thick,  and  in  some  ])lace's  probably 
absent.  North  of  Sjiringlh'hl  it  scamis  to  be  persistent  to  the  West- 
moiadand  Comity  line. 


Stevenson : Pennsylvania  Second  Geol.  Survey  Kept.  KKK,  p.  39,  1878. 
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“Following  11])  llie  base  of  Cliosliiiit  rid^o  ono  iiiids  lliis  liuK*- 
stoiie  fully  Id  feet  thick  in  iMoimt  I’leasaiit  township,  AVestinoreland 
Foniitv.  11  feet  on  Fonr-niile  inn  and  of  unascertained  tliickness 
on  the  Loyalhanna.  hnt  on  Tnli-mill  run  in  Fairfield  townishij)  it  is 
clearly  wanting,  Avhile  on  the  Pennsylvania,  Railroad  in  the  same 
townshi])  it  varies  from  zero  to  10  feet.  Along  the  base  of  Laurel 
ridge,  this  limestone  a])])ears  to  be  absent  or  nearly  so  south  from 
the  Bedford  pike,  but  at  the  jiike  some  fragments  of  it  were  seen. 
On  Hendrick’s  run  it  is  11  feet  thick;  on  Tnb-mill  it  is  14  feet,  but 
only  3 feet  (>  inches  on  Laurel  Hill  run  while  on  the  Pennsylvania 
Railroad  it  is  wanting.”"^ 

Stevenson  gives  the  following  descri])tion  of  this  limestone: 

“This  rock  varies  quite  as  much  in  (jiiality  as  it  does  in  thickness. 
At  most  localities  it  has  on  1o]>  a Ibin  layer  of  dark  bine  inpaire 
slaty  limestone,  which  is  worlliless,  while  tla*  remaining  portion  is 
dull  bluish  gray  witli  irregular  fi'aetnre  and  more  or  less  argil- 
laceous. When  burned  hastily,  it  is  a])t  to  fuse,  but  if  burned 
slowly  it  yields  a linn*,  whiih  do(*s  well  for  agricultural  ])nrposes, 
for  wliich  use  it  is  highly  valued.  Oftentimes  it  is  quite  ferru- 
ginous at  the  outcro])  and  it  was  mined  as  an  iron  ore  at  lauirel 
Hill  furnace.  ^Vt  some  localities  in  Fayette  it  has  been  mistaken 
for  iron  ore  and  at  tlu‘  head  of  -lacob’s  creek  a lean  ore  is  asso- 
ciated with  it.”'“ 

A/a,(’.y  (Cl  iiinidal)  I i iiic,vt(jiic. — The  Ames  limestone  is  of  little 
importance  in  this  section.  It  is. not  pre.sent  everywhere  throughout 
the  region  but  has  been  recognized  in  Springhill,  North  Union, 
Dunbar,  and  Perry  townsliijcs,  Fayette  (founty,  and  in  East  Hun- 
tingdon, Henqctield,  Penn,  Noi'th  Huntingdon,  vSalem,  Washington, 
and  Fraiddiii  townshi]is,  Wccstmoreland  County.  It  is  an  impure 
highly  fossilifei'ons  greenisli  gi-ay  limestone  evith  a uiaximnm  thick- 
ness of  about  4 feet. 

The  Conemaugli  gron]i  of  West moi'eland  County  locally  contains 
several  other  thin  limestones  of  little*  or  no  value,  (*.\e(*])t  in  a very 
ferv  localities.  These*  ai'e  the  Brusli  Ci*e*e*k,  Pine  Cree*k,  Elk  kick, 
Clarksburg,  and  Pittsburgh  limestones. 

liedstone  limestone. — Beneath  the  Redstone  coal  bed  is  the  Red- 
stone limestone  that  is  well  eh*velo])ed  in  the  northe*rii  part  eef 
Fayette  County,  betAveen  Redstone  Branch  and  the  Yonghiogheny 
River  and  in  some  |)arts  of  Westmoreland  County,  es])ecially  in 
Ligonier  ToAvnshi]).  ElseAvhere  it  has  been  observed  but  rarely. 
It  I'ange^s  in  thickness  from  10  to  20  feet.  Locally  it  has  leeen 
epiarried  for  lime  and  for  tliix. 

“*>Op.  cit.  p.  3.3. 

’"Op.  cit.  pp.  33-3  e. 
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A)iah/nis  of  Redstone  Umestone. 
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JSamp'e  from  Lemuiit  Furnace  nuarry,  3 miles  northeast  from  Uiiiontowu,  Fayette  County. 
Hard  and  brittle;  sparkles  witli  calcile : pearl  ^ray,  with  cunchoklal  fracture.  (JIM,  p.  289) 

Fish[)ot  (tictcickley)  limestone. — Between  the  Bedstone  and  Se- 
wickley  coal  beds  there  are  limestones,  sandstones,  and  shales.  About 
midway  betAveen  the  two  coals  is  the  Fishpot  or  Sewickley  lime- 
stone. It  is  variable  in  thickness  and  characteristics.  In  places 
It  is  absent  and  elsewhere  may  be  as  mnch  as  35  feet  thick.  It 
ranges  I'rom  limestone  of  such  impurity  as  to  be  worthless  to  fairly 
pnie  massively-bedded  stone  well  suited  for  both  lime  and  flux. 
It  has  been  observed  in  various  places  in  ))oth  counties. 

Benwood  (Great)  limesto}ie. — The  Benwood  limestone  is  the  most 
prominent  and  persistent  member  of  the  Monougahela  grouii  in  the 
region.  It  is  as  much  as  85  feet  thick  in  some  sections  although  about 
half  may  consist  of  iuterbedded  shales.  Individual  beds  may  be  as 
much  as  2 feet  thick.  Bo  generalization  can  be  made  regarding  its 
adaptability  on  account  of  its  variable  character.  In  one  locality 
certain  beds  are  sufticiently  pure  to  be  desirable  for  lime  or  flux 
whereas  elseivliere  the  stone  contains  large  cpiautities  of  siliceous 
and  argillaceous  matter.  It  has  been  extensively  used  in  the  produc- 
tion of  agricultural  lime  for  local  consumption.  Some  of  it  is  en- 
tirely satisfactory  tor  road  metal  although  much  of  it  is  too  shaly. 

This  limestone  member  is  present  in  almost  every  region  Avhere 
the  Monougahela  groui»  appears,  Avhich  is  mainly  in  the  western  and 
nortliAvestern  parts  of  these  counties. 

Lidiiontoivii  limestone. — The  Uniontown  limestone  was  formerly  re- 
garded as  the  upi»er  portion  of  the  Benwood  biit  is  now  separated  as 
a distinct  member,  although  in  certain  places  the  exact  correlation 
is  diflicult.  In  the  vicinity  of  Uniontown  it  is  a massively-bedded 
limestone  in  two  layers  aggregating  10  feet  in  thickness.  Elsewdiere 
it  is  somewhat  thinner.  It  is  well  developed  in  Georges,  Forth  Union, 
South  Union,  Dunbar,  German,  Luzerne,  Bedstone,  Manellen,  Frank- 
lin, Jefferson,  Washington,  and  Perry  townships,  Fayette  County, 
and  in  Bostraver,  South  Huntingdon,  Sewickley,  and  the  south  por- 
tion of  Fortli  Huntingdon  townships,  Westmoreland  County.  Fear 
Fniontown  it  was  formerly  quarried  for  the  manufacture  of  cement 
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tliiit  was  used  in  llie  coiistuctioii  of  locks  on  the  M oiioiiyaliela  Kivt-r. 
It  has  been  used  for  Ilux,  for  the  iiianufacture  of  agricuiltural  lime, 
and  for  road  metal. 

M’ayncshurg  Ihnesfaiiv. — About  I'O  feet  below  tlu‘  Wayuesburg  coal 
is  the  Waynesburg  limestone.  It  is  best  develo[)ed  in  (lermaii,  Ked- 
stoiie,  and  Franklin  townshi[is,  Fayette  ('onnty,  but  also  is  present 
in  Aortli  and  South  Union  townshi[)s,  Fayette  Uoimty,  and  in  Mt. 
Pleasant,  Unity,  and  Derrj-  townships,  Westmoreland  County,  where 
it  ranges  in  thickness  from  8 to  d.j  feet.  It  ]>rodnces  a fairly  good 
lime. 

Limestones  of  the  Washington  grong. — The  Washington  group  is 
exposed  on  the  tops  of  many  hills  in  German,  Kedstone,  Jefferson, 
Perry,  North  Union,  and  Dunbar  townshijis,  Fayette  County,  and  in 
Kostraver  and  South  Huntingdon  townships,  Westmoreland  County, 
but  contains  vei\v  few  limestones  and  tlu)se  developed  are  thin  and 
not  persistent.  The  several  limestones  of  this  group  that  are  so  ]»ro 
minent  in  Greene  and  Washington  counties  have  practically  disap- 
])eared  and  shales  are  found  at  those  horizons.  In  a few  places  in 
Redstone,  German,  Rostraver,  and  South  Huntingdon  townships, 
particularly  southeast  of  Merrittstown,  sf)ine  thin  limestones  su]) 
])osed  to  be  the  Lower  and  ITpper  Washington  members  have  been 
noted.  In  the  vicinity  of  Irwin,  ttTsImoreland  ('onnty,  the  IMount 
IMorris  and  Calvin  Run  limestones  have  been  noted. 


Anaigses  of  Carboniferous  limestones  of  Westmoreland  and  Fayette 

Counties. 
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1.  Sowicklcy  (Fishpot)  limestone,  Olipliant  Furnace  quarry,  Georges  Township,  Fayette 
County.  Report  MM.  p.  287. 

2.  Redstone  limestomc  Lemont  Furnace  quarry,  3 miles  northeast  of  Uniontown,  Fayette 
County.  Report  M^[.  p.  280. 

3.  Pittsburgh  limestone,  Lemont  Furnace  quarry.  Report  MM.  p.  200. 

4.  Upper  Freeport  limestone,  M'ining  and  Cuisan’s  quarry,  opposite  Saltsburg,  Westmoreland 
County.  Report  MM.  p.  20.3. 

’).  T'pper  Freeport  limestone.  Kier  Brothers’  quarry.  Salina,  Westmoreland  County.  Report 
MM.  p.  203. 


SOMERSET  COUNTY. 

With  the  exc(']ition  of  a band  of  Catskill  sandslone  and  Chemung 
shales  outcrop])ing  in  Savage  Mountain,  all  of  the  surface  rocks  of 
Somerset  County  belong  to  the  Cai-bouiferous  I’eriod.  Limestone 
lenses  are  numerous  throughout,  although,  in  the  main,  they  are 
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everywhere  of  little  nu>re  than  local  importance  as  they  cannot  com- 
]»ete  Avith  thicker  and  jmrer  limestones  (piarried  in  other  regions. 
Nevertheless  they  have  been  niilized  for  agricnltnral  lime  by  the 
farmers  of  the  connty. 

In  the  course  of  this  investigation  it  was  not  possible  for  me  to 
make  a study  of  Ihe  limestones  of  Somerset  Connty.  Ileport  HHH 
of  the  Second  Geological  Survey  of  Ihmnsylvania  contains  many  brief 
descriptions  of  the  limestones.  The  following  discnssion  of  the  lime- 
stones in  Somerset  Connty  was  written  by  J.  D.  Sisler  of  the  State 
Geological  Survey  especially  for  this  report. 

Tentative  <jeoto(jic  secvlon  of  Soinei'net  County. 

PENNSYLVANIAN  SYSTEM 
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Upp(*r  Freeport  coal 
Upper  Freeport  limestone 
Middle  Free]) or t coal 
Middle  Freeport  limestone 
Lower  Freej»ort  coal 
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U])per  Kittanning  coal 
Middle  Kittanning  coal 
LoAver  Kittanning  coal 
Clarion  coal 
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I'ollsviile  series  ? 

Homewood  sandstoiu' 

Mount  vSava^e  coal 
[Mount  Savage  tire  clay 
( ’onno([uenessing  sandstone 
Sliarou  coal 

Maiicli  ('hunk  seiaes  ? 

a rcnihrier  ( AI oinifa i ii ) limrsloiir 

I’ocono  s(udes 

( Silircoiis ) I i mrsfoiu'  ? 

DEVONIAN  SYSTEM 

( 'atskill  group 
Chemung  group 

[Many  limestone  beds  outcrop  in  Somerset  ('ounty.  They  have  not 
been  quarried  on  a commercial  scale  although  there  are  several  hun- 
dred pits  oi)ened  b^'  farmers  who  burn  the  lime  for  local  farm  use. 
The  i)rincipal  production  of  limestone  for  local  kilns  ended  when  the 
coalmining  industry  readied  such  importance  that  many  farmers 
abandoned  the  farms  to  work  in  the  mines.  In  1920  practically  all 
of  these  old  pits  were  abandoned. 

Loyalhanna  (SS'Alceoufi)  Umostonv. — The  corndation  of  the  Loyal- 
hauna  and  Greenbrier  limestone  in  Somerset  County  is  yet  tenta- 
tive, and  tliis  Survey  will  not  commit  itself  until  the  detailed  geologi- 
cal Avork  is  entirely  conqdeted  for  the  [Meyersdale  quadrangle.  The 
Loj'alhanna  limestone  lies  near  the  top  of  the  1‘ocono  series.  It  has 
been  seen  on  Allegheny  [Mountain  but  it  seems  to  be  entirely  lacking 
in  large  areas  on  Negro  mountain.  It  is  exjiosed  in  Laurel  Hill 
along  the  western  edge  of  the  county,  and  has  been  used  but  little 
excejit  in  the  gorge  of  Youghiogheny  Liver.  This  limestone  is 
(’asily  identitied  by  its  siliceous,  cross-bedded  chai-acter.  It  ranges 
fi-om  a few  feet  to  20  feet  thick.  Its  thickness  increases  north- 
ward from  the  southern  Pennsylvania  line.  It  is  now  being  (piar- 
ried  for  burning  in  the  northeastern  jairt  of  the  county  along  the 
National  Highway.  Lecently  the  i^tate  Highway  I )e])a]-tnient  has 
made  tests,  ho})ing  to  find  certain  portions  of  it  suital)le  for  road 
medal.  The  results  ed'  these  tests  have  not  been  made  ]iublic. 

(I rceiihricr  Umestoiic. — This  limestone  occui-s  in  two  jeersistmit 
bemches,  each  ranging  from  12  to  do  feet  thick.  The  lower  liench  lies 
near  the  u])i>er  geological  leonndary  of  the  I’ocono  series.  The  u]»p(*r 
bench  of  the  Greenbrier  is  usually  separated  from  the  loAver  by  sandy 
shale  ranging  from  2.j  to  !1()  feet  thick.  This  interval  of  sandy  shale 
often  contains  thin  beds  of  limestone  Avhich  are  liighly  fossiliferous. 
Tlie  top  bench  is  usuallj"  gray  in  color  and  is  locally  very  siliceous. 
The  lOAver  bench  is  a pure  blue  limestone  Avliich  is  often  split  into 
numerous  benches  by  lenses  of  red  shale. 


Both  benches  of  tlie  Greenbrier  were  formerly  quarried  on  the  west 
slope  of  Negro  Mountain  in  Elk  Lick  township^  Somerset  County. 
Mr.  Peck  is  still  quarrying  this  stone  near  Glade  Mountain.  The  out- 
crop of  this  formation  is  extensive  on  the  west  slope  of  Negro  Moun- 
tain but  the  limestone  appears  to  thin  very  quickly  northward.  The 
northeast  dip  of  the  Negro  Mountain  anticline  soon  causes  the  lime- 
stone to  disappear  and  it  is  not  seen  again  until  the  Conemangh 
Biver  crosses  it  in  Cambria  County. 

The  lower  bench  of  the  Greenbrier  is  being  quarried  in  Maryland 
near  the  Pennsylvania  State  line  and  just  south  of  Greenville  town- 
ship, Somerset  County.  In  this  quarry  the  exposed  limestone  mea- 
sures approximately  20  feet  thick.  The  limestone  dips  very  severely 
to  the  southwest  on  the  eastern  slope  of  the  Allegheny  Mountain  an- 
ticline. It  also  appears  to  thin  northward  and  its  outcrop  is  seldom 
seen  because  the  entire  moiintain  is  covered  by  many  feet  of  drift. 
It  was  (piarried  prior  to  1910  at  one  place  in  Greenville  township. 
Its  position  can  be  readily  traced  by  a very  fertile  belt  of  farm  land. 

Limestones  of  the  Allegheny  group. — The  Vanport  or  ferriferous 
limestone  of  western  Pennsylvania,  having  its  normal  position  below 
the  Lower  Kittanning  coal  and  a few  feet  above  the  Clarion,  seems  to 
be  entirely  lacking  in  Somerset  County. 

The  Upper  Kittanning  coal  is  underlain  by  the  Johnstown  cement 
limestone.  It  is  very  persistent  throughout  Somerset  County,  averag- 
ing approximately  4 feet  thick,  and  ranging  from  2 to  8 feet.  It  is 
the  most  valuable  geological  marker  in  Somerset  County.  It  has  not 
been  quarried  commercially  but  has  been  opened  locally  for  farm  use. 
This  limestone  is  usually  gray  or  blue-gray,  compact,  and  brittle.  It 
is  locally  cross-bedded. 

The  Lower  Freeport  coal  is  locally  underlain  by  a thin  clayey 
limestone  which  is  of  no  commercial  importance  whatsoever.  The 
Upper  Freeport  coal,  at  the  top  of  the  Allegheny  group,  is  invariably 
underlain  l)y  a bed  of  good  limestone  ranging  from  2 to  7 feet  thick. 
It  is  known  as  the  Upper  Freeport  limestone.  Although  it  has  not 
been  quarried  for  commercial  purposes  farmers  have  opened  it  at 
numerous  points  along  the  western  slope  of  Allegheny  Mountain  and 
soiitheast  of  Somerset  in  the  vicinity  of  Coleman  School  on  the  old 
]>lank  road  from  Somerset  to  Berlin.  In  the  northern  part  of  Somer- 
set County  the  Upper  Freeport  limestone  is  seen  wherever  the  coal 
above  it  is  mined.  Its  thickness  seems  to  be  irregular  in  this  part  of 
the  county  and  its  quality  is  variable.  Locally  it  is  very  siliceous 
and  is  discolored  by  iron  pyrite.  Its  most  extensive  outcrop  is  on  the 
eastern  flank  of  Laurel  Hill  and  on  the  west  flank  of  Allegheny  Moun- 
tain. 
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Limestones  of  the  Coneniaugh  group. — This  group  contains  nnme- 
roiis  thin  limestones,  only  two  of  ^yhich  may  he  of  commercial  im- 
portance in  the  future.  The  lower  one,  lying  approx'mately  in  the 
center  of  the  Conemangh  group,  has  been  known  in  certain  localities 
as  the  Elk  Lick.  In  the  publication  of  the  Ihmnsylvania  Geological 
Survey,  Fourth  Series,  this  limestone  is  called  the  Wellersbnrg  after 
the  nomenclature  adopted  by  Dr.  C.  K.  Swartz  of  the  Maryland  Geo- 
logical Survey.  Its  type  locality  is  Wellersburg,  ^Maryland.  This  lime- 
stone ranges  from  3 to  11  feet  thick.  The  top  of  the  limestone  is 
generally  very  ]»ure,  but  the  bottom  part  is  usually  very  clayey.  At 
only  one  locality  in  Somerset  Coiinty  it  is  being  recovered  in  con- 
junction with  mining  the  coal  above  it.  At  this  locality,  on  the  east- 
ern slope  of  Xegro  Mountain  just  west  of  Elk  Lick,  its  outcroj)  is 
extremely  promising.  This  bed  of  limestone  has  been  found  in  ])rac- 
tically  every  drill  hole  that  has  been  ])ut  down  in  Somerset  County. 

A thicker  limestone,  the  Clarksburg,  occurs  in  tAvo  benches  sepa- 
rated by  approximately  20  feet  of  caail,  shale,  and  sandstone.  The 
top  bench  lies  about  22.1  feet  Ijelow  the  Pittsburgh  coal  and  is  the 
l)urer  of  the  two.  This  limestone  is  present  only  in  the  Berlin-Salis- 
bnry  basin  of  Somerset  County  where  it  has  been  preserved  l)eneath 
the  Pittsburgh  coal.  It  occiirs  midway  up  the  hill  slopes  in  this 
basin  and  hundreds  of  tons  have  been  quarried  for  local  burning. 
Some  lenses  of  this  limestone  are  very  pure,  others  are  shaly  and  sili- 
ceons.  Much  of  the  loAver  bench  is  nodular,  the  nodules  being  cement- 
ed together  l»y  a soft  calcareous  clay.  The  nodules  are  very,  pure 
and  are  picked  u]>  on  the  slopes  l)elow  the  outcro]»s  from  which  they 
have  Aveathered  and  are  ]iiled  and  burned. 

Limestones  of  the  MonongaheJa  group. — The  Monongahela  gronp 
contains  tAvo  limestones,  the  Fislq)ot,  or  SeAvickley,  nnderlying  the 
SpAA'ickley  coal,  and  the  LTnioiitoAvn  limestone  underlying  the  Uniou- 
tOAvn  coal.  The  latter  has  been  entirely  eroded  in  Somerset  Comity. 
The  former  is  jiresent  only  in  the  high  hilltops  of  the  Derlin-Salisbury 
basin  in  the  vicinity  of  Pinehill  and  south  of  IMeyersdale  on  the 
Avestern  slope  of  Casselman  River.  Tins  bed  has  not  been  quarried. 

HUNTINGDON,  BEDFORD  AND  FULTON  COUNTIES 

Practically  all  the  outcro])]»ing  Carbouifmous  strata  of  Tlunting- 
dou,  Bedford,  and  Fultou  counties  are  contined  to  the  Broad  Top 
region.  A study  of  the  coals  of  that  region  has  been  made  by  Dr. 
James  II.  Gardner'"  in  Avhich  a detailed  columnar  section  to  the  base 
of  the  Pottsville  is  shoAvn.  It  includes  a 3-foot  bed  of  line-grained 
bluish  limestone  in  the  Monongahela  formation,  tAvo  locally  developed 
limestones  in  the  Allegheny  formation,  probaldy  representing  the 

■^^Gardner,  J.  II..  The  Pennsylvania  Broad  Top  Coal  field.  Top,  and  Geol.  Survey  Comm, 
of  Pennsylvania,  Kept.  10,  1913. 
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Free])oi‘t  limestones  of  other  districts.  From  all  information  avail- 
able it  seems  that  the  Coal  Measures  limestones  of  the  region  are 
of  little  or  no  economic  importance. 

The  Maiich  Chunk  red  shale  that  is  exposed  as  a hand  up  to  3 miles 
wide  surrounding  Broad  Top  and  extending  northward  in  Little 
Trough  Creek  valley  about  12  miles  and  southward  a greater  dis- 
tance in  the  west  part  of  Fulton  County  contains  considerable  lime- 
stone interbedded  with  shales.  Most  of  the  limestone  is  red  and  quite 
impure,  containing  up  to  40  jier  cent  of  siliceous  material,  yet  it  has 
been  utilized  for  agricultural  lime  locally.  Some  gray  layers  are 
purer.  These  limestones  of  the  Maiich  Chunk  series  seem  to  represent 
the  Greenbrier  limestone  of  the  region  on  the  Avest. 


BEAVER  AND  ALLEGHENY  COUNTIES. 

As  shown  in  the  general  geologic  section  that  folloAvs  a number 
of  limestone  members  occur  in  Beaver  and  Allegheny  coAinties.  Most 
of  them  are  of  little  value,  the  important  ones  being  the  Vanport 
and  the  BenAvood-UniontoAvn.  Both  are  confined  to  rather  limited 
areas  yet  they  have  furnished  a large  supjily  of  stone  that  has  been 
utilized  for  various  purposes. 

The  geology  of  these  counties  has  been  studied  by  the  geologists 
of  the  Second  Geological  Survey  of  Bennsylvauia  and  the  results 
published  in  Reports  K and  Q ; liy  the  geologists  of  the  U.  S.  Geologi- 
cal Survey  Avhose  observations  are  contained  in  Bulletins  65  and  249 
and  in  Geologic  Folios  Nos.  94,  134,  176  and  177;  and  by  members 
cf  the  present  State  Geological  Survey. 

The  folloAviug  section  conq»lled  from  these  sources  sIioavs  the  im- 
portant strata  but  omits  the  numerous  shale  beds  that  constitute  the 
major  portion  of  the  stratigrai)hic  column  in  the  tAvo  counties  as 
AA^ell  as  numerous  sandstones  and  a feAv  unimportant  coal  and  lime- 
stone lenses. 

Generalized  geologic  section  of  Beaver  and  Allegheny  Counties. 


Permian,  Dunkard  series  Feet 

IVashington  group  175 ± 


IVashington  sandstone 
Little  Washington  coal 
Waynesburg  “B”  coal 
Calvin  (Colvin’s)  Bun  limestone 
Waynesburg  “A”  coal 
Mount  Morris  limestone 
IVaynesburg  sandstone 
Cassville  shale 
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Peimsylvaiiiaii. 

MonoiigalieJa  group  

^Vaym“slulrg■  coal 
Little  Wayiiesburg  coal 
1 1 (njn  (Jnhury  I i m cston  c 
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Idiioulowii  coal 
t ni(jiit()irii  limestone 
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Allegheny  group  

Up])er  Freeport  coal 

Upper  Freeport  Uniestone 

Butler  sandstone 

Lower  Freeport  coal 

Loicer  Freeport  limesto>ie 

Freeport  sandstone 
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Lower  Kittanning  coal 
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Distribution  of  the  geological  formations. 

All  of  the  exposed  geological  strata  of  these  counties  belong  to  the 
Carboniferous  and  range  from  the  Pottsville  to  the  Permian.  As 
in  other  sections  of  Western  Pennsylvania,  tlie  Monongahela  group 
contains  most  of  the  limestones. 

The  outcrops  of  strata  belonging  to  the  Pottsville  series  are  con- 
fined to  the  northern  part  of  Beaver  County  in  the  valleys  of  Beaver 
River  and  Conoquenessing  Creek. 

The  Allegheny  group  in  this  region  is  likewise  limited  to  the 
northern  part  of  Butler  County  but  is  exposed  not  only  in  the  valleys 
of  the  larger  streams  but  also  in  many  tributary  streams. 

The  Conemaugli  strata  form  the  iiplands  throughout  almost,  the 
whole  of  Beaver  County  and  all  the  northern  i)art  of  x^llegheny 
County.  In  the  southern  portion  of  Allegheny  County  tliey  are  ex- 
posed in  the  stream  valleys. 

The  Monongahela  group  is  present  on  a few  of  the  highest  hills  in 
the  southern  part  of  Beaver  County  and  nearly  all  the  uplands  in 
the  southern  part  of  Allegheny  County. 

The  Washington  group  is  present  on  the  tops  of  some  of  the  up- 
lands close  to  the  Washington  County  line. 

Mercer  (Lower  Wurtemhiirg)  limestone. — The  only  limestone  of 
the  Pottsville  series  in  the  region  is  the  Mercer  limestone  and  it  is 
confined  to  a very  limited  area  in  the  northern  part  of  Beaver  County, 
along  Beaver  River  and  Conoquenessing  Creek.  It  is  only  8 to  12 
inches  thick  and  of  no  economic  value. 

Yanport  (Ferriferous)  limestone. — The  Vanport  limestone,  former- 
ly known  as  the  Ferriferous  limestone,  because  of  its  close  associa- 
tion with  a thin  layer  of  overlying  carbonate  of  iron  ore,  is  the  most 
valuable  limestone  of  these  two  counties,  although  limited  to  the 
stream  valleys  in  the  northern  part  of  Beaver  County.  It  is  much 
better  developed  in  adjoining  counties  to  the  north  and  uortlieast. 

The  following  descriptions  are  taken  from  the  Beaver  Folio  (No. 
134 j of  the  U.  S.  Geological  Survey: 

“This  is  the  thickest  and  most  largely  exploited  bed  of  limestone  in 
the  region,  but  because  of  its  lenticular  occurrence,  which  is  common 
to  all  the  limestones  of  this  region,  it  is  not  everywhere  sufficiently 
thick  for  working.  It  is  characterized  by  its  wealth  of  fossils,  and, 
when  thin,  by  coue-:u-cone  structure.  Its  position  averages  65  feet 
below  the  Lower  Kittanning  coal.  Hence,  as  compared  with  the  coal 
it  has  a less  extended  outcrop,  which  is  restricted  to  the  deeper 
valleys'  (Ohio  and  Beaver  rivers  and  Brady  Run),  and  is  covered 
more  deeply  and  more  often  by  gravel  terraces. 


“Al  V;uii)oii  tlie  type  section  is  1!)  f(*et  thick,  and  is  i;iven  ladow  : 
Sccf'oii  of  y<nij)ori  I i mrstonr  at  }'(nif)ort. 

Ft.  in. 


F.lne  liinestoiU'  4 (I 

Sliale  (S  1 

Blue  limestone  N 0 

Siiale  n h 

Limestone  h (■ 

Slial(‘  - - 

Hal'd  rei'i'njiinons  lini(*stoii(>  1 0 

Shale  h (i 

Fossilifm'tms  lini(‘stone  1’  0 


B)  0 

“The  limestone  beds  dit'l'er  very  much  both  in  color  and  quality. 
The  tirst  9 inches  are  too  imj)ure  to  burn  and  are  therefore  stripped 
off  and  thrown  away.  The  next  9>  fe(‘t,  together  Avith  the  8-foot  layer 
beloAV  the  shale  parting,  are  burned  for  lime.  The  3-foot  portion  is  a 
bluish-gray  rock  in  all  of  the  (pnirries  here  and  is  extremely  brittle, 
Avhile  the  8-foot  layer,  which  is  light  gray  or  blue  in  color,  is  the 
inirest  and  most  conii)act  limestone  in  the  section.  This  portion  burns 
to  a very  good  Avhite  I'me.  T1h>  thin  beds  of  the  section  are  not  used 
for  lime. 

“West  of  Vanport  the  limestone  seems  extremely  variable,  ranging 
from  zero  to  1(1  feet.  A good  thickness  of  5 to  8 feet,  hoAvever,  is  e.x- 
])osed  between  ^hul])ort  and  Fonrmile  Eun.  Though  the  horizon  re- 
mains above  river  level  it  is  not  seen  again  to  the  Avest,  except  south 
of  Montgomery  Island,  Avhere  it  is  K!  feet  thick.  The  terraces  of 
Shipi)ingi»ort,  north  of  Ehillis  Island,  and  at  Georgetown  cover  the 
horizon  with  unconsolidat('d  river  grav(ds. 

“East  of  Vau])ort  the  limestone  attains  Cunsiderable  thickness  only 
at  Fallston,  wlun-e  it  is  10  feet  th'ck,  but  on  the  opjtosite  side  of  Brady 
Eun  it  thins  to  18  inches.  It  maintains  about  this  thickness  throuuli- 
out  Brady  Eun,  wlnu-e  expo.sed,  and  on  upper  Beaver  Elver,  but  east 
of  New  Brighton  and  to  the  south  on  both  sides  of  the  river  it  is  3 
to  4 feet  thick.  At  iMonaca,  however,  though  the  rocks  betAAmen  the 
LoAver  KAtanning  coal  and  river  level,  a distance  of^'  GO  feet,  are 
uncovered,  the  \'aii])ort  limestone  is  not  rc'vealed.  It  may  be  beloAV 
Avater  level. 


“The  localities  Avhere  this  limestone  is  most  accessible  for  mining 
are  along  its  ontcroii  on  the  north  bank  of  Ohio  Eiver  and  in  Eeaver 
Valley.  The  occnri'ence  sonlh  of  Montgomery  Island  is  practically 
inaccessible.  On  the  Avhole  the  Vanport  is  the  only  bed  in  the  region 
Avhich  is  in  jdaces  ]»ui'c  enough  to  i)roduce  good  lime  or  to  be  used 
in  fluxing. 
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Analyses  of  the  Tan  port  limestone. 


OaOOa  

MgOOs  

Ft'L.Os  

AliiOa  

S 

P 

Insoluble  residue 


1 

2 

3 

4 

93.482 

88.464 

91,607 

91.089 

1.544 

1.445 

1.606 

1.587 

1.823 

2.324 

1.291 

1.589 

.030 

.097 

.290 

.047 

.047 

.029 

.030 

.040 

2.770 

7.030 

4.780 

4.800 

99.690 

99.389 

99.564 

99.152 

1.  Severn's  quarry,  half  a mile  below  Tanport,  New  Brighton  township.  Upper  bench. 

2.  I’owers'  quarry,  near  Vanport,  on  the  Ohio  river.  Top  stratum. 

;i.  I’owers’  (piarry,  middle  stratum. 

4.  Tygart's  quarry,  half  a mile  below  Vanport.  Lower -stratum. 


Lower  Freeport  limestone. — Tlie  LoAver  Freepoi-t  limestone  is  con- 
fined to  the  northern  part  of  Beaver  County.  It  lies  a few  feet  below 
tlie  Lower  Freeport  coal,  and  is  an  impure  fine-grained,  buff-colored, 
non-fossiliferons  rock.  It  occurs  in  lenses,  hence  is  absent  in  many 
places.  Where  developed  it  is  generally  from  3 to  9 feet  thick.  The 
best  stone  is  in  the  Beaver  Valley  near  Beaver  Falls,  along  Brady 
Bun,  and  in  a few  other  valleys.  It  is  locally  quarried  and  burned 
for  agricultural  lime. 

Upper  Freeport  limestone. — The  .Upper  Freeport  limestone  lies  a 
few  feet  lielow  the  Upper  Freeport  coal.  It  occurs  in  lenses,  lienee  is 
absent  in  many  localities  where  it  might  be  expected.  It  is  confined 
to  the  northern  part  of  Beaver  County.  Along  Blockhouse  and  Brady 
runs  it  is  from  2 to  3 feet  thick;  at  head  of  Dry  Bun,  2 to  7 feet; 
west  of  Hog  Island,  3 feet;  Monaca,  5 feet;  and  at  the  mouth  of  Eac- 
coon  Creek,  4 feet. 

It  is  generally  impure  and  suitable  only  for  agricultural  lime  al- 
though there  are  a few  places  where  a much  purer  bluish  rock  occurs 
suitable  for  the  manufacture  of  building  lime. 

Limestones  of  the  Coneina ayh.  group. — The  Conemaugh  group 
of  Beaver  and  Allegheny  counties  contains  a number  of  thin,  im- 
pure and  non-persistent  limestones,  that  in  certain  sections,  have 
been  utilized  for  agricultural  lime  but,  in,  general,  are  worthless. 
Those  that  have  received  names  are  the  Brush  Creek  (Lower  Cam- 
bridge), Pink  Creek  (Iqqier  Cambridge,)  Ames  (crinoidal).  Elk 
Lick  (Barton),  Clarksburg,  Lower  Pittsburgh,  and  Upper  Pittsburgh. 
jMost  of  the  following  brief  descriptions  have  been  furnished  by  M. 
E.  Johnson  of  the  Pennsylvania  Topographic  and  Geologic  Survey 
from  his  field  observations  in  the  Pittsburgh  quadrangle. 

The  Brush  Creek  limestone  has  been  noted  in  only  a few  localities. 
South  of  McKeesport  it  is  exposed  on  both  sides  of  the  Youghiogheny 
Biver.  It  is  very  sandy  and  about  10  inches  thick.  It  is  also  develop- 
ed along/  the  Allegheny  Biver  east  of  Pittsburgh  and  at  Witmer. 
The  maximum  thickness  observed  was  20  inches. 
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The  Pine  Creek  limestone  is  ex])osed  at  Witmer  and  a few  |ioints 
along  the  Alleglieny  Iliver.  It  is  an  inipnre,  nodniar  fossiliferons 
limestone  from  2 to  10  inehes  thick. 

Tlie  Ames  limestone  is  tlie  most  p(‘rsistent  of  tlie  limestones  of  llie 
Conemangh  formation.  It  varies  from  0 to  30  inehes. 

‘‘The  limestone  ordinarily  has  a typical  greenish  gray  to  gray 
(■(dor.  Where  it  has  undergone  mnch  weathering  it  may  present  a 
greenish-l»rown  a]p>eai-anc(\  but  this  condition  was  seldom  observed. 
It  is  tough,  impure,  exceedingly  fossiliferons,  and  always  presents 
a rougli  surface — eilluu'  w In  n weathered  or  freshly  brok(*n.  Often 
the  limestone  is  present  only  as  a single  bed  ranging  from  5 to  10 
inches  thick.  Where  it  is  more  fully  dev(do])ed  it  may  occur  as  two  or 
tlm^e  beds  in  close  ju-oximity,  the  beds  being  separated  by  a thin 
clay  or  clay-shale.  Due  to  tin*  fact  that  the  sti'ata  immediately  al)ove 
and  below  the  Ames  are  soft  and  easily  weathered,  it  is  common  to 
see  the  Ames  jutting  out  prominently  in  railroad  cuts  and  other 
excavations  where  its  horizon  has  been  uncovered. 

“Because  the  Ames  limestone  is  usually  thin  and  impure  it  has 
s(ddom  b(^en  used  as  a source  of  agricultural  lime.  A few  farmers 
reported  thad  they  had  burned  the  Ames  to  obtain  lime,  but  that 
it  was  very  unsatisfactory.  None  of  them  kept  u])  the  practice.” 

The  Elk  Lick  limestone  occurring  just  beneath  the  Elk  Lick 
coal  and  the  Clarksburg  limestone  below  the  Little  Clarksburg  coal 
are  doubtfully  present  in  thes(‘  counties,  in  any  case  they  are 
])oorly  developed  and  of  no  imjiortance. 

The  Pittsburgh  limestones  include  variable  non  persistent  beds 
fhat  may  be  developed  within  a few  feet  of  the  Pittsburgh  coal  or 
60  to  70  feet  below.  They  may  be  absent  altogether,  or  be  developed 
as  any  number  of  beds  ujt  to  eight. 

“The  character  of  the  limestone  beds  also  varies  eonsid(u-ably, 
although  in  general  it  can  be  said  that  the  beds  decrease  in  ]Uirity 
as  th(‘  interval  between  the  limestone  and  the  Pittsburgh  coal  be 
comes  less.  Often  there  is  a limestone  bed  within  six  inches  of  the 
base  of  the  Pittsburgh  coal.  Where  it  occui's  this  limestom^  is 
always  V(u-y  inpmiH'  and  is  usually  stained  a dark  gray  by  eai'bo]i- 
aceous  material.  The  limestones  close  to  the  liase  of  the  Pittsburgh 
coal  sometimes  contain  ferruginous  concretions.  This  is  the  ex- 
ception rather  than  the  rule,  however. 

‘‘In  the  southeast  part  of  Allegheny  County  there  is  a very  massive 
characteristically  stained  limestone  (rusty  brown  stains  on  creamy- 
gray  limestone)  found  about  30  to  35  feet  Ixdow  the  Ibttsburg  coal. 
This  linucstone  is  hard  and  com])act  and  is  easily  traced  where  it  is 
present  in  the  section.  Unfortunately  it  disap])ears  towards  the 
north.  This  massive  bed  has  been  (]uarried  l)y  the  farmers  Avho  re])ort 
that  it  makes  an  excellent  lime.” 

Tiedatone  and  FisJtpot  Uniestones. — The  lowest  limestone  mend)ers 
of  the  Monongahela  group,  the  Bedstone  and  Eishpot,  are  jtresent  in 
several  ]daces  in  the  southeast  portion  of  Alh^gheny  County,  particu- 
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larly  west  of  the  Monongahela  River.  They  are  very  thin,  light  gray 
to  buff  in  color,  compact,  homogeneous  and  pure  or  nodiilar  and 
impure.  They  are  both  of  fresh-water  origin  and  of  little  economic 
importance. 

Benwood  and  TJniontou'n,  limestones. — The  Benwood,  sometimes 
divided  into  Bulger  and  Dinsmore  beds,  and  the  Union  town  lime- 
stones are  the  best  developed  limestones  of  these  comities  although 
almost  entirely  coniined  to  the  southern  half  of  Allegheny  County. 
Although  described  by  some  observers  as  regular  in  their  character- 
i.'Tics,.  M.  E.  Johnson  states  that  in  Allegheny  and  Westmoreland 
counties  the  various  beds  seldom  exhibit  similar  qualities,  and  he 
finds  difficulty  in  making  definite  divisions.  Tlie  following  descrip- 
tions are  furnished  l>y  him  from  unpnldished  manuscript. 

“West  of  the  Monongahela  River  the  Benwood  group  is  represented 
by  only  a few  beds,  the  total  thickness  of  which  may  be  ten  feet  or 
less.  Towards  the  southeast  the  total  thickness  rapidly  increases 
until  at  Cowansburg,  "Westmoreland  County,  we  have  a thickness  of 
UK)  feet,  that  is.  the  section  for  150  feet  largely  consists  of  limestone 
of  the  Benwood  and  Uniontown  members.  The  total  thickness  of 
limestone  would  probably  be  less  than  100  feet. 

“The  top  member  is  often  a dark  gray  limestone  with  considerable 
carbonaceous  material  in  it.  On  the  other  hand  in  one  section  the 
topmost  limestone  was  an  inquire,  easily  weathered,  buff-colored 
limestone  containing  considerable  clay  and  no  carbonaceous  material. 

“Without  attempting  to  describe  each  type  of  limestone  bed  en- 
countered, it  can  be  said  that  generally  the  limestones  are  fairlj^  pure 
and  that  they  range  from  light  blue-gray,  pure  limestones  to  buff 
colored  or  dark  gray  limestones  containing  a large  percentage  of 
impurities.  As  a general  rule  the  inqiure  limestones  Aveather  more 
readily  than  the  pure  ones.  Sometimes  the  limestones  contain  veins 
and  small  vugs  filled  Avith  calcite  ci-ystals. 

The  limestone  bed  Avhich  seemed  to  be  most  iiersistent  and  Avide- 
spread,  Avas  a inassiAe,  hard,  brittle  limestone  Avith  a mottled,  brec- 
ciated  a]qiearance  on  fresh  fractui-e.  This  bed  occnrred  persistently 
in  the  loAver  ]>art  of  the  group.  Another  limestone  bed  Avhich  conld 
easily  be  picked  out  Avas  found  in  certain  areas.  This  Avas  impure, 
slaty  limestone  greatly  r('s(‘inbling  the  cement  rock  of  the  eastern 
part  of  the  State.  Unfortunately  its  occurrence  Avas  not  Avidespread. 

“The  Dinsmore  limestone  is  described  in  various  ]»ublications  as 
a grouj)  of  limestone  beds  occurring  at  the  l)ase  of  the  BeiiAvood 
group  AAdiich  Aveather  out  to  a characteristic  creaniy-Avhite  color. 
I^lither  the  Dinsmore  limestone  is  frequently  missing  from  the  sec- 
tion in  this  territory  or  else  this  description  is  not  applicable. 
U(u-tainly  the  loAver  membei-s  of  the  group  as  often  as  not  Aveather 
1o  a buff  color  rather  than  a creamy-Avhite.  Again,  the  loAver  member 
is  often  a compact,  gray  limestone  shoAving  little  indication  of 
weathering. 

“Tak(ui  as  a Avliole  this  groii])  of  lineestoiies  ])resents  by  far  the 
largest  available  source  of  limestone  in  the  tAvo  counties.  At  many 
places  small  quarries  have  been  o})ened  and  the  limestone  crushed 


279 


and  used  fur  ]-uad  medal.  IMaiiy  farmers  burn  the  stone  for  fertili- 
zer. It  has  also  been  used  at  times  for  bnilding  pnrjioses.  The 
seipply  is  pracdically  unlimited.” 

Wai/neshurg  limestone. — The  Waynesburg-  limestone  has  a vei-y 
limited  development  in  the  soietheastcum  part  of  Allegheny  Counts’ 
where  between  the  IMonongahela  and  Allegheny  rivers  it  consists  of 
a dark  blue  limestone  about  IS  inches  thick. 

Liniesiones  of  the  Washington  <iroi'iJ. — As  stated  above  the 
Wasliiugton  group  has  a very  limited  development  in  the  south- 
ern part  of  Allegheny  County.  The  Mount  Morris  and  Calvin  Eun 
limestones  may  be  locally  developed  althcmgh  no  information  is 
available  concerning  them.  The  AVashington  limestones  which  are 
so  important  in  the  counties  to  the  south  are  not  pre.sent  in  Allegheny 
and  Eeaver  connties,  having  l)een  removed  by  extensive  erosion. 

MERCER,  VENANGO,  BUTLER  AND  LAWRENCE  COUNTIES. 

Iddike  some  of  the  southern  counties.  Mercer,  ATmango,  Butler,  and 
Lawrence  counties  contain  few  limestone  l)cds.  However,  this  is  in 
a manner  offset  by  the  extensive  development  of  the  A'anport.  the 
most  valuable  limestone  of  AAAstern  rennsylvania,  and  by  the  pre- 
sence of  the  Freeport  limestones,  also  of  fair  quality,  throughout 
the  counties. 

The  geology  of  these  counties  has  lieen  described  in  Reports  Q, 
QQQ?  of  the  Second  Geological  Survey  of  Pennsylvania 

;'iid  in  mnmiscript  reports  -of  the  ]:resent  State  Geological  Surve-y 
prepared  in  PH  9 in  connection  with  a study  of  the  road-building 
materials  of  the  State. 

The  following  stratigraidiic  section  of  the  princijial  members  pre- 
sent in  these  counties,  omitting  most  of  the  shales  and  many  of  the 
sandstones,  is  compiled  from  these  reports.  Alost  of  the  members 
;ire  not  persistent  tln-oughout  I lie  counties  and  any  of  them  may 
be  locally  missing. 

(leneral  geologic  section  of  Mercer.  Venango.  Bailer,  and  Lnirrenre 

Counties. 

t'onemaugh  group 

Alorgantowu  sandstone 
Flk  Lick  coal 

.\mes  ( crino'dal ) limestone 
Red  sliales 
Pakerstowii  coni 
Bine  Creek  limestone 
Buffalo  sandstone 
Bnisti  Creek  limestone 
Brush  Creek  coal 
Alahoning  sandstone 
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AIl(‘glu‘)iy  t;i'()ii]) 

ri)j)cr  Fi'(‘(‘port  coal 

Upper  Freeport  limestone 

I'jtpor  Frc(*|)ort  fire-clay 

l'l>])cr  Frcc])ort  ( Ijiitlcr  isaiidsloiic 

L(AV(m-  Frccjiort  coal 

Loioer  Freeport  (Butler)  limcstoiie 

Fow('i'  Frcc})ort  sandstone 

F])]H‘r  Kittanning  (Darlington)  coal 

IMiddle  Kittanning  coal 

Lower  Kittanning  coal 

Kittann'ng  fire-clay 

Kittanning  (Indnstry)  sandstone  and  shale 

riarion  iron  ore 

V<nipo)-t  (Ferriferous)  limestouc 

Sernbgrass  coal 

Clarion  coal 

Fire-clay 

Drookville  coal 

I'ottsville  series 

Homewood  (Piedmont  or  Tionesta)  sandstone 
Tionesta.  coal 
Tionesta  iron  shales 

Upper  ]]fercer,  (Maho)ii)i(i,  Upper  Wurtemhurp)  liiuesfouc 
Tipper  Mercer  coal 
Upper  jMercer  iron  shales 

Lower  Mercer  (Lower  Wurtem hurp)  limesfoue 
Lower  iM(*rcer  coal 
Lower  Mercer  iron  shales 
U)>i)er  Conoqnenessing  sandstone 

IManch  Chnidv  series 
Qnakertown  coal 
(^nakertown  iron  shah'S 
Lower  Conompienessing  sandstone 
Sharon  iron  shales 
Sharon  coal 
Sharon  conghnnerate 
(hiyalioga  (Slienango?)  shale 

Pocono  series 

vShena ngo  sandstone 
('raw ford  shales 
vS!iar])sville  sandstone 
Orang(wille  shales 

Descriptions  of  Individual  Limestones. 

Lower  uud  Upper  Mercer  limestoucs. — The  Pottsville  series  of 
lh(*S(‘  connti(‘s  contains  two  linu‘ston(‘s  of  little  economic  ini])ortance. 
They  are  well  developed  in  Mercer  and  Lawrence  counties  where  they 
have  been  (piarried  locally  in  many  places  but  in  Bntler  county,  al- 
thongh  recognized  in  several  places,  ])articularly  in  the  Heaver  Val- 
ley, are  too  thin  to  be  of  any  value. 
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In  Lawrence  Connly  llie  Lower  ll(“rc(*r  limestone  is  one  of  tlie 
most  persistent  members  of  tlie  L*o1ts\ille  series.  It  lies  from  lit)  to 
lob  below  the  b’anport  linu'stone.  Altlion!tli  of  varying  thickness  it 
is  more  generally  from  2 to  f(‘et  thick.  It  is  dark  bine,  highly  fos- 
siliferons.  and  breaks  Axitli  a conchoidal  fracture.  Carbonate  iron 
ore  is  develo]»ed  in  association  with  the  limestone  and  in  some  cases 
l)oth  iron  ore  and  tin.\  from  this  horizon  AV(*re  obtained  during  the 
time  when  the  carbonate  ores  of  bVestern  Pennsylvania  were  being 
worked. 

the  J.,ow(‘]'  lMerc(*r  limestoiu*  is  even  b(dt(*r  de\elo])ed  in  bI(M'C(*r 
connty.  In  places  it  jiasses  into  a cai-bonale  of  iron  oi-e.  ^\’hite■' 
describes  it  as  “always  a dark  gray  oi-  binish  rock,  blm*  ]»redondnat" 
ing:  sometimes  slaty,  s])litting  off  in  thin  ])lat(‘s  oj'  slab-like  i)it‘ces; 
always  richly  lossi lifei'ons.  ;ind  cs])ecially  rich  in  mollusks  and  crin- 
oids,  the  bi’oken  st(*ms  of  ^vhich  often  make  np  a consid(*rable  ]>art 
of  the  mass."  It  is  ]>resent  thionghont  the  comity  ranging  from  2 
to  4 feet  in  thickness.  It  has  been  cpiari'icd  foi'  lime,  althongh  not 
- well  adajited  for  this  imrpose.  and  was  formerly  (piarried  locally 
for  dtix  for  some  of  the  local  furnaces. 

The  Idiper  Mercer  limestone  is  of  little  importance  in  Pntler 
Connty.  In  La^\■rence  t'onnty  it  is  better  develojted  and  A\'as  semi  at 
many  places  in  the  valleys  of  Leaver,  Mahoning,  and  Shenango 
rivers  and  Slijipery  Lock  Creek.  It  \aries  considerably  in  thickness 
bnt  .;S  nsnalL  from  2 to  4 feet  thick.  It  is  a very  hai'd  coiu|)act, 
dark  bine  fossiliferons  limestone.  Iron  concretions  are  common. 

One  half  mile  south  of  41onnt  -lackson  is  an  ontcroi)  of  the  Mercer 
limestone  in  the  bottom  of  Hickory  Lnn.  The  formation  here  is 
2 feet  thick  and  ci/iisists  oi  dark  blin*.  i-atln^r  inijmre  slat\' 
limestone,  and  is  liaid  and  ixcsistant.  The  stream  cascades  ovei'  it 
at  this  ])oint.  Lcdow  tin*  limestone  is  a bed  of  impure,  slaty  coal 
IS  inches  thick,  followed  by  sandstone.  A short  distance  down 
the  stream  the  limestone  rests  on  about  S feet  of  black  shale.  Tin* 
C anport  limestone  should  occur  above  it  at  an  elevation  of  1000- 
KISO  leet.  Xo  outcrojis  ot  it.  howe\'er,  W(*re  discovered  in  this  rc'gion 
south  of  bit.  -lackson.  The  blercer  limestone  is  better  developed 
h(“i-e  than  at  any  othei'  point  in  Lawrence  (’ountv  wlu*re  it  was 
examined.  Anotln‘r  good  (‘xposuie  of  the  Merc(*r  limestone  is  to 
be  seen  just  east  of  bVurtembui-g  along  Sdiiijiery  Rock  Creek  where 
it  measuies  12  to  14  inclu's.  Beneath  it  occui’s  12  to  IS  inch(*s  of 
coal.  The  limestone  here  is  in  the  form  of  a lens  that  tliins  out  both 
ways  to  zei-o.  Above  this  limestone  at  an  elevation  of  ICbO  feet 
occurs  the  Brookville  ( ?l  coal,  which  is  2.(1  inches  thick.  This  would 
luit  the  b auitoi-t  limestone  at  an  elevation  of  a])proxima1(‘ly  1100  to 
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lllIO  I'eel.  In  llie  extreme  .southeast  eornev  ot  the  county,  the  Van- 
port  limestone  could  not  he  found,  but  time  did  not  permit  of  a 
careful  search  for  it. 

The  Upper  Mercer  limestone  has  been  observed  in  a feAV  places 
in  the  southern  part  of  Mercer  County  whei‘e  it  is  al)ont  2 feet  thick. 
Tt  was  at  one  time  quarried  for  flux. 

Vaiiport  Ihucstoue. — In  the  summer  of  lUl!),  C.  K.  Fettke  and 
F.  <1.  Hill,  Carnegie  Institute  of  Teclinology,  working  in  Butler 
and  Wmango  counties  and  F.  B.  Peck,  Lafay(‘tte  College,  in  Larv- 
renc('  County  collected  much  information  concerning  road-making 
mabu-ials  for  the  State  Highway  Department.  Their  investigations 
were  mainly  confined  to  the  Vanport  limestone.  Portions  of  their 
re])orts  are  incorporated  in  the  following  pages.  In  reading  their 
descriiitions  it  must  be  borne  in  mind  that  tlnw  AA'ere  Avritten  in  1919. 


Vanport  limestope  of-  Butler  and  southern  Venango  counties. 

By  C.  R.  Fettke  and  E.  G.  Hill. 

GENERAL  LOCATION  OP  OUTCROP. 

Outcrops  of  the  Vanport  appear  along  Slipi)ery  Rock  and  Wolf 
Creeks  and  on  the  steep  liillsides,  but  crojis  of  the  full  thickness 
of  the  formation  are  rare.  The  exposed  faces  ai-e  rugged  and  broken, 
ihe  horizontal  and  A’ertical  joints  Avidened  by  ex]M)sure  and  action 
of  percolaling  Avaters  through  tlie  mantle  of  residual  soil  usually 
found  as  a cover.  Most  of  the  Vanport  is  underlaid  by  impervious 
beds  of  shale,  and  surface  Avaters  jienetrating  the  limestone  through 
its  vertical  joints  find  outlet  iii  numerous  springs.  Tliese  springs 
assist  the  prospector  in  locating  the  outcrops. 

Outcrojjs  appear  in  Winiield  ToAvnship,  Butler  County,  along 
Rough  Run  and  Buffalo  Creek  over  a restricted  area,  Avhich  is  being 
extensively  mined  by  the  I’ittsbnrgh  Limestone  ('omjiany.  The  lime- 
stone here  is  about  19  feet  thick  but  Avithiu  half  a mile  is  entirely 
lost.  Going  irortliAvard  and  AvestAAard,  outcrops  are  next  encoun- 
tered in  Muddy  Creek  ^^alley,  Muddy  Creek  ToAvnship,  extending 
eastAvard  from  the  LaAvrence  County  line  and  nortlnvard  into  Worth 
ToAvnship.  Quarries  have  been  operated  in  this  district  on  faces 
from  U)  to  21  feet  thick,  and  the  indications  are  that  the  limestone 
has  a thickness  of  at  least  15  feet  over  the  entire  area.  At  some 
]toints  the  formation  is  deeply  coA’ered  by  glacial  deposits. 

Going  north,  the  limestone  again  crops  in  the  Slippery  Rock 
Valley,  near  the  line  betAveen  Butler  County  and  Lawrence  and 
Mercer  counties  extending  from  the  vicinity  of  Jacksonville  in 
Worth  ToAvnship  nortliAvard  to  the  junction  of  Sli])pery  Rock  and 
Wolf  Creeks,  thence  eastAvard  along  Slippery  Rock  Creek  and  its 
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1ril)utai‘ies  into  Sli])i)ory  Kock  and  I’rady  Townships,  tlien  northward 
along  Wolf  ('i-oek  tlii’ongli  Slippcn-y  Rock  To-wiirdiip  into  kawrcncc 
('onnty.  "I’ln*  stoiu*  in  tlicst*  localities  has  not  heen  extensively 
(piarried  or  iiuthmI.  Small  (piarries  on  the  I'arnis  and  the  history 
of  wells  in  the  neighhoi-hood  indicate  a thickness  of  the  formation 
ranging  from  1(1  to  IS  feet.  At  the  northern  end  of  tlu>  aii-a  across 
the  county  line  in  Lawi-ence  ronnty.  larg(‘  (piarries  wen*  ojienml 
on  faces  from  1.')  to  IS  feid  thick  hnt  have  not  heen  workisl  for  a 
nnmhcr  of  yiairs. 

Leaving  the  \’allev  of  ^^'ol^  ('i-eek  and  going  northward,  no  fnr- 
thm-  ontcrojs  a]ipear  until  near  the  vicinity  of  Swanrproot  village, 
in  I’ine  Townshi]).  Mm-cer  ('onnty,  when*  small  ahandoned  (jnarries 
show  12  to  II  foot  faces.  Xoitheast  of  (iron*  ('ity,  towai-d  tin* 
Hut  lei-  ('onnty  line.  linn*stom*  is  found  as  sho\\  n hy  small  ipiarries 
and  wells,  in  which  the  stone  is  from  4 to  (!  f(*et  thiedv  and  at  other 
points  nearby  apjiears  to  he  entirely  absent. 

Retnniing  to  the  junction  of  AVolf  and  Slijijiei-y  Rock  creeks  and 
traveling  (*astward  through  Slipja  ry  Rock,  R.rady  and  i\rarian  town- 
ships and  into  ('herry  Township  along  the  valh*y  of  Slipp(*ry  Rock 
Creek  and  its  tidbntaries,  I login*  Ran,  Big  Run,  ( tlade  Run,  iMc- 
Donald  Run,,  South  liramh,  Findlay's  Run,  McMuriay’s  Run.  North 
Branch,  Black’s  ('reek  and  Seaton  (.’reek,  the  limestone  is  found 
in  many  ])laces  outcrop])ing  in  the  gorges  of  the  stream.  Bould(*i's 
and  small  (jnan-i(*s  show  a thickness  id’  b(*d  running  from  !j  to  17 
f(*(‘t.  Along  IMcBonald  Run  th(*re  ai-e  two  large  o]H*n  ([iiarries  in 
which  the  faci's  are  from  12  to  IS  feet  thick  under  a shale  and  clay 
cover  from  20  to  20  feet  in  depth.  Along  the  South  Branch  of 
Slippery  Rock  Cri'ek  at  ( Isborm*  Station  a large  iiuariy  ojicrates 
on  a face  000  feet  long  and  from  10  to  17  feet  high.  Several  miles 
eastward  along  the  stream  a mine  is  woi-king  on  a 20  foot  formation 
under  .‘>S  feet  of  sandstone  and  shale.  Along  MiAlnrray  Run  a 
large  (piarry  is  ojierating  on  a face  fi’om  12  to  IS  feet  thick,  and 
a mile  and  a (luarter  north  of  the  (juarry,  the  rock  is  being  mined 
nndei'  about  44  feet  of  cover. 

In  the  fork  of  Sli])])ery  Rock  and  Black's  creeks,  east  of  Black's 
Creek  and  north  of  Slijijiery  Rock  Crc(*k,  tlie  limestone  has  been 
extensively  quarried  along  a face  1400  feet  long  and  from  14  to  IS 
feet  high. 

On  the  eastern  side  of  the  district  in  the  valleys  of  the  tributaries 
of  Allegheny  River,  the  southeimmost  outcroiqdngs  ap]a*ar  along 
Bear  Creek  and  its  tributaries.  South  Branch,  Middle  Bramdi  and 
North  Branch,  in  Parker  and  Allegheny  townshijis.  The  princijial 
outcrops  are  just  west  and  northwi'st  of  I’arker’s  Landing,  on  the 
properties  of  E.  G.  Morgan,  Evan  Griffith,  and  the  Fox  Estate.  The 
beds  in  this  vicinity  show  a thickness  of  about  10  feet  or  less,  and 
there  are  no  evidences  of  any  extensive  quarrying. 
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Further  iiortli,  in  tlie  valley  of  Little  Scrubgrass  Creek,  also  a 
1ril)iitary  of  A]l(‘glieny  Kiver,  in  Scrnbgrass  and  Clinton  townsbijis 
in  Venango  County,  and  in  4'enango  and  Allegbeny  townships, 
Butler  County,  a numljer  of  outcro])s  ap]>ear,  l)ut  jn’obably  nowhere 
does  the  bed  exceed  10  feet  except  at  a point  o,ne  mile  north  of 
Anderson  Stone  House  where  a.  thickness  of  15  feet  •was  measured. 
There  is  no  evidence  of  extensive  (juarrying  in  this  locality.  Further 
west,  in  Irvin  Torviishi]),  Venango  County,  outcrops  appear  in  the 
valley  of  Scrul)grass  Creek,  but  nowhere  to  a greater  thickness  than 
10  feet.  There  has  l)een  no  extensive  (piarrying,  but  a small  quarry 
is  open  and  in  o])eration  on  the  Boyd  Harris  farm,  two-thirds  of  a 
mile  east  of  IMechanicsville. 

(JUAintlES  IN  Ol-EIIATTON  IN  1019. 

1.  Braiichfon  Liniestouc  (iiid  Ballast  Co.,  in  the  northeastern  part 
of  Slippery  Rock  Township,  Butler  County,  along  McDonalds  Run. 
This  quarry  has  a.  face  2G00  feet  long,  18  feet  high,  and  is  fully 
equipjied  for  large  operation.  It  is  on  the  main  line  of  the  B.  & L.  E. 
Railroad,  near  Branchton  Station. 

2.  PitfsJjHrgh  Liniestoac  Co.,  Harrisville,  in  the  southeastern  j>art 
of  Mercer  Township,  Butler  County.  This  quarry  has  a face  1GT4 
feet  long  and  15  feet  high,  and  has  a capacity  of  about  250  tons 
per  day.  This  company  also  operates  a mine  in  the  same  vicinity 
with  a capacity  of  400  to  500  tons  p(>r  day.  It  is  fully  equi])i>ed  but 
does  not  at  present  produce  stone  for  road  Avork.  This  quarry  and 
mine  are  situated  on  the  main  line  of  the  B.  & L.  E.  Railroad  near 
Harrisville  Station. 

3.  Pittsburgh  Limc.^tone  Co. — Mine  near  Avondale  Station,  Marian 
I'ownship,  Butler  County.  This  is  a large  '0]iera.tion  fully  e<iuii)ped. 
This  niim*  is  located  at  Milliards  Branch,  along  the  B.  & L.  E.  Rail- 
road. 

4.  GPimax  Limestone  Co.— Along  McDonalds  Run  in  Slippery 
Rock  Township,  Butler  County.  This  quarry  operates  on  a face  117G 
feet  long  and  13  to  17  feet  high.  It  has  full  equipment  for  stripping, 
quarrying  and  loading  stone.  It  is  along  the  main  line  of  the 
B.  & L.  E.  Railroad  near  Wick  Station. 

5.  Grove  City  Limestone  Co. — Near  Osborne  Station,  Cherry 
Township,  Butler  County.  This  company  has  opened  a face,  GOO  feet 
long  and  IG  feet  high.  It  has  a quarry  equipment  suitable  for  modern 
operations,  and  has  also  a crushing  plant  which  is  now  used  solely 
for  lime  products.  It  has  a present  operating  capacity  of  200  tons  a 
day,  Avhich  by  lengthening  the  quarry  face  and  adding  to  the  equip- 
ment, might  be  increased  to  1000  tons  per  day.  It  is  situated  along 
Hilliards  Branch  on  the  B.  & L.  E.  Railroad. 
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6.  Fitishurgh  Lune.stoiie  Co. — Mine  at  AVest  ’Winfield,  AVilliains 
Township  in  Bntler  County.  This  is  an  area  extensively  operated 
and  fully  equipped  with  the  various  mining  appliances  and  a crusher. 
It  is  situated  along  the  'Wintield  Itailroad.  a l)ranch  of  the  Pennsyl- 
vania Eailroad  running  to  Freeport. 

7.  Qiian  if  of  Joseph  Cooper  in  Wortli  Townshi]:i.  Itnthu-  County, 
11/4  miles  south  of  Jacksville.  This  is  a small  operation  working  on 
all  foot  face  with  equipment  suitable  only  for  a small  output.  There 
is,  iiowever,  a large  quantity  of  stone  avaihdtle  at  this  quarry  if  tlie 
face  was  lengthened  and  modern  facilities  for  quarrying  and  crushing 
provided.  At  present  this  quarry  must  haul  its  otitput  three  miles 
to  the  railroad  at  Portersville  Station  on  the  1>.  & L.  E.  Railroad  <u- 
three  miles  to  the  nearest  State  highway. 


QUAEIIIES  IDLE  IX  1919. 

Miiddij  Creek  Tointship,  Butler  County. 

1.  Quarry  of  Aew  Castle  Portland  Cement  Co.,  three-fourths  of 
a mile  south  of  Payne.  Thickness  of  face  17  feet;  possible  length 
of  face  18,000  feet:  maximum  cover  do  feet:  available  ((uautity 
2,2.50,000  t(uis:  transportation  facilities,  siding  graded  to  Bessemer 
and  B.  & L.  E.  Railroad  at  Payne.  Track  must  be  relaid. 

2.  Quarry  of  Pittsburgh  Limestone  Company.  At  Portersville 
Station.  Averagi*  tliickness  at  face.  11.7  feet.  Present  length  (»f  face, 
K'O  feet,  but  can  bo  greatly  extended:  cover,  about  21  feet:  available 
quantin',  1,800.000  tons.  Transportation  facilities,  siding  on  western 
Allegheny  branch  of  the  B.  ik  L.  E.  Railroad  at  Portersville  Station. 

Worth  Toicnship,  Butler  County. 

3.  Quarry  of  Clyde  Renuick  on  west  bank  of  Slip]»ery  Rock  Creek, 
one-half  mile  north  of  Killy's  Bridge.  Tliickness  of  face,  15  feet  or 
more;  cover.  10  to  10  feet:  quantity  undetermined.  Transpmrtation 
facilities,  road  haul  j/\  mile  to  county  road  and  two  nu'livs  to  State 
highway. 

1.  Quarry  on  farms  of  -I.  B.  Studebaker.  and  G.  F.  Gardner,  east 
of  Eight  Square  School.  Thickness  of  face,  1-5  feet:  cover  very  light; 
aA'ailable  quantity,  1,020.000  tons.  Transjiortation  facilities,  one  mih' 
haul  to  State  highway  at  Elliott's  Mill  over  a good  dirt  road. 

Brady  Township.  Butler  County. 

5.  On  south  side  of  Hogue  Run  ^ mile  west  of  ’West  Liberty,  on 
the  projierty  of  S.  S.  Hogue.  Tiiicknc.ss  of  face.  10  feet;  cover,  11  to 
30  feet  over  an  area  of  1000  by  100  feet;  available  quantity,  135,000 
tons;  poor  transpoj'iation  facilities:  ai’ailable  only  for  local  iuiju'ovc- 
ments. 
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6.  QiiaiTy  of  C.  E.  Smitli,  three-fifths  of  a mile  north  of  Halliday 
School.  Tliickness  of  face,  14.7  feet ; cover,  7 to  20  feet  over  an  area 
2000  feet  hy  100  feet.  Available  quantity,  250,000  tons.  Transporta- 
tion facilities,  one  mile  liaul  to  ]5ntle]‘-Sli])](ery  Kock  State  Highway 
near  Stone  House. 

7.  Quarry  of  Jacob  Siqyder  and  Sullivan  Estate,  on  the  opposite 
side  of  Big  Eun  from  the  C.  E.  Smith  quarry.  Thickness  of  face  11 
feet;  cover  light,  in  some  places  not  exceeding  live  feet.  Available 
(piantity,  1,500,000  tons.  'rransi)ortation  facilities,  one  mile  easy 
liaul  to  Butler-Slip])ei  y Eock  State  Higliway. 

Slippery  Rock  Township,  Butler  County. 

8.  (Quarry  of  Eingard  Graham  on  west  side  of  Wolf  Creek,  1^- 
iiiih's  west  of  Sli])pery  Eock  village.  Thickness  of  face,  16  feet;  cover 
not  exceeding  30  feet;  available  (piantity,  1,750,000  tons;  transporta- 
tion facilities  poor,  two  mile  haul  to  Slippery  Eock. 

0.  Quarry  of  G.  W.  Heinz  on  east  side  of  Wolf  Creek,  1^  miles 
west  of  Sli])](cry  Eock  village.  Thickness  of  face,  16  feet;  cover  not 
excessive.  Available  (juanfity,  500,000  tons.  Transportation  facili- 
ties, 1-1  miles  haul  to  Slijipery  Eock. 

10.  Quarry  of  David  Dickey  on  north  side  of  Slippery  Eock  Creek 
in  southwest  corner,  of  townshij).  Thickness  of  face,  16  feet;  cover 
from  0 to  30  feet;  available  (piantity,  100,000  tons.  Transportation 
facilities,  T]  miles  haul  to  Slijipery  Eock-Xew  Castle  State  Highway. 

11.  (Quarry  of  Samuel  Walker  half  mile  southwest  of  Dough- 
ertys Hills.  Thickness  of  face,  12  feet;  cover  from  0 to  12  feet  on 
an  area  700  feet  by  100  feet  extending  into  land  of  J.  B.  Demil. 
Availabh*  (piantity,  70,000  tons.  Transiiortation  facilities,  two  mile 
haul  to  State  highway. 

12.  Quarry  of  John  Samhu-sou  half  a mile  soutlnsist  of  Dough- 
('rtys  Hills.  Thickness  of  face,  11  feet;  available  quantity,  250,000 
tons.  Quarry  is  on  the  Butler-Slippery  Eock  State  highway. 

13.  Quarry  on  properties  of  Sylvester  Kelley  and  Shafer  Keister, 
on  0]>])osite  sides  of  Coaltown  road  east  of  Keisters.  Face,  9 to  16 
ieet;  cover,  0 to  30  feet.  Available  (piantity,  900,000  tons.  Transpor- 
tation facilities,  short  liaul  to  Keisters  Station,  on  the  B.  & L.  E. 
Eailroad.  One  mile  of  siding  on  the  existing  grade  would  reach  the 
(piarries. 

14.  Quarry  of  Henry  Wilson,  on  Branchton-Slippery  Eock  road 
midway  between  the  two  places.  Thickness  of  face,  8 feet  or  more, 
Available  quantity  on  area  1500  by  100  feet,  100,000  tons.  Transpor- 
tation facilities,  14  mile  haul  to  State  highway. 
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15.  (jiiarry  of  W.  W.  Dougherty  on  the  north  side  of  Slippery 
Dock  Creek  near  Mauiteau.  Thickness  of  face,  IN  feet;  (piarry  fac(' 
one  mile  long,  can  be  developed  and  carried  back  for  100  feet  or 
more  -witliont  excessive  cover.  Transportation  facilities  lacking  at 
present. 

Parker  Township,  Butler  Countp. 

10.  Edwin  Griffith,  immediately  west  of  Parkers  Land- 

ing. Thickness  of  face,  10.8  feet.  Present  face  of  TO  feet  can  be  ex- 
tended in  length.  Entire  cover  from  8 to  24  feet.  Available  quantity, 
500,000  tons.  Transjtortation  facilities,  short  haul  to  Parkers  Land- 
ing or  about  one  mile  across  the  river  to  the  Pennsylvania  Eailroad. 

17.  Quarry  of  William  I’arker  one  mile  north  of  Parkers  Landing. 
Thickness  of  face,  10  feet;  present  length  of  face  110  feet  which  can 
be  extended  over  entire  knoll  without  extensive  stripping.  Avail- 
able (piantity,  000,000  tons.  Transportation  facilities,  one  mile  haul 
to  Parkers  Landing  or  to  the  Pennsylvania  Eailroad. 

18.  Quarry  of  E.  B.  Thomas  11  miles  west  of  Parkers  Landing 
on  the  road  along  the  north  branch  of  Bear  Creek.  Thickness  of  face, 
12  feet;  cover  can  be  stripped  for  a few  yards.  Available  (juantity 
uncertain.  Suitable  only  for  local  roads. 

Mercer  Township,  Butler  County. 

19.  Quarry  of  George  Searing  just  south  of  Ilarrisville.  Thick- 
ness, of  face,  10  feet.  Cover  can  he  striiqjed  on  an  area  1000  feet  by 
500  feet.  Available  quantity,  400,000  tons.  Transportation  facili- 
ties on  the  Pittsburgh-Franklin  highway,  two  mile  haul  to  B.  & L.  E. 
Eailroad. 


Marian  Township,  Butler  County. 

20.  (2'iarry  of  Joseph  Duffy  northwest  of  Atwells  Crossing.  Thick- 
ness of  face,  10  feet;  present  quarry  face  can  be  extended  3000  feet 
around  brow  (»f  hill;  entire  cover  from  8 to  10  feet.  Available  quan- 
tity, 000,(100  tons.  Transportation  facilities,  none  at  present.  A sid- 
ing from  Llilliards  Braiicli  on  tlie  B.  & L.  E.  Eailroad,  | mile  long 
involving  a span  across  Slippery  Eock  Creek,  and  a gravity  jilane 
750  feet  long  would  be  necessary. 

Iru'in  Township,  Venango  County. 

21.  Quarry  of  J.  1.  Iluntsberger  west  of  Barkeyville.  Thickness 
of  face,  8.4  feet.  ''Hk'  present  face  120  feet  long  can  be  extended  to 
1500  feet,  and  (juarried  back  for  2(i0  feet.  Axailalde  quantity,  200,- 
000  tons. 
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22.  Qu:m-y  of  fioyd  Harris,  f mile  east  of  Meclianicsville.  Thick- 
ness of  face*,  r»  feet,  with  face  iiot  fiilly  expt>sed.  An  area  1000  feet  hj^ 
500  feet  can  be  qiiarried  without  excessive  cover.  Available  qnan- 
lity,  250,000  tons.  Transportation  facilities,  one-half  mile  hanl  to 
State  Ijighway  northeast  of  Meclianicsville. 


CUnton  ToiaDihip,  Venango  Coimfy. 

25.  (Quarry  of  William  Witherup  one  mile  north  of  Anderson 
Stone  House.  Thickness  of  face,  15  feet  on  an  area  1500  feet  long 
and  1000  feet  wide,  under  cover  of  from  10  to  20  feet.  About  2,000,- 
000  tons  can  be  quarried.  Transportation  facilities,  haul  of  1^  miles 
to  the  Enilentoii-Clintonville  State  higlnvay. 

21.  On  farms  of  F.  Atkin,  the  Calvert  Heirs,  G.  N.  McFadden, 
W.  X.  Kiddle  and  L.  Scott,  approximately  two  miles  east  of  Glinton- 
\ ille.  Small  openings  show  a face  8 feet  thick,  and  drill  holes  are 
said  to  have  passed  through  18  feet.  This  area  is  under  light  cover 
and  a large  (luantity  of  good  stone  available  on  the  several  proper- 
ti(*s  eould  be  delivered  with  a comparatively  short  haul  to  the  Fm- 
lenton-Clintonville  State  highway. 

Scrub  Grass  Township,  Venango  County. 

25.  (Quarry  one  mile  east  of  Crawford  Corners  and  500  feet  south 
of  Slat(“  Higliway.  Thickness  of  face,  0 feet  or  more.  The  ])i’esent  face 
can  b(‘  developed  in  length  to  1500  feet  and  (piarried  back  200  feet. 
-Vvailable  (piantity,  2(;0,000  tons.  Ih-ansportation  facilities,  close  to 
State  Highway. 


AV.VILAUI.E  .SITES  FOR  NEW  QUARRIES. 

Muddy  Greek  Toiniship,  Butter  County. 

1.  S(»ntlisi(le  of  iMnddy  Cr(‘ek  at  I’ortersville  Station.  Face  12  feet 
or  moi'e  liigh.  Transportation  facilit j'-‘s.  Western  ^Hleglieny  Kranch 
of  the  I>.  A L.  F.  Kailroad. 

Vdorth  Township,  Butlei'  Countji. 

2.  Three-fourths  of  a mile  north  of  Portersville  Station  between 
the  road  running  north  and  the  creek  on  the  east.  Ked  for  a distance 
of  one  mile  may  be  uncovered,  under  cover  of  5.0  feet  or  less.  Avail- 
able (piantity,  0,500,000  tons.  Trans])ortation  facilities,  siding  may 
readily  be  constructed  to  Ihirtersville  Station,  Western  Allegheny 
Kranch  of  the  B.  A L.  F.  Kaib'oad. 

5).  ( In  south  side  of  Sli]i]iery  Kock  Creek  m‘ar  first  bridge  above 

eontliKMice  with  Wolf  t'reek.  Face,  t).5  feet  and  o\  (*r ; covm-,  o to  10 
l’(‘et'.  \a i la bh*  (piantity,  5-1 ,700  tons  or  niorie  'fi'anspoi'lation  tacili- 
ties,  mile  haul,  t-o  Slijiiiery  Kock-Xew  Castle  State  highway. 
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4.  (ieorf>e  farm  ^ mile  cast  of  .lacksoiiville-Mooi-cs 

(’oriier  road.  Face,  lo  feel:  covia-,  9 fo  l.'*>  fc(d.  Available  ([uaiitity 
.‘■.SO,()()(l  tons.  Transjiortation  facilities,  3-4  mile  haul  to  8lip])eiy 
Rock-New  ('astle  State  hijjhway. 

.5.  Near  the  tVeimer  farm  on  pioperty  of  II.  Shields.  Face,  ])os- 
sif)ly  IS  fcef ; cov(*r  slii;ht.  Available  (iiianfify,  .‘iOO.ObO  tons.  Trans- 
portation facilities,  'j  mile  hanl  to  Slipj)cry  Rock-New  ('astle  Stat(‘ 
highway. 

().  On  Slijipery  Rock-Ncw  ('astle  State  highway  jnst  west  of 
l\foores  (.'orners.  Face,  10  feet  or  nioi-e;  cover,  0 to  20  feet. 

Clai/  Township,  lintlcr  CouHtij. 

7.  One-half  mile  north  of  Flallston  on  ])roperty  of  W.  Thomas. 
Face,  not  measured:  cover  thin  over  a large  area.  A few  rods  from 
main  line  of  R.  & L.  E.  Railroad.  Area  should  be  prosjiected. 

SJipperj  Rock  7'ownshlp,  lUiflcr  (Jouiiti/. 

8.  One  and  one-half  miles  east  of  the  continence  of  Wolf  and 
Slipjiery  Rock  ci-eeks,  on  noith  side  of  Sli])])ery  Rock  creek  on 
jtroperty  of  F.  Robinson.  Thickness  of  face.  10  f(*(‘t  : cover  not 
exceeding  12  feet.  Axailable  (piantity,  KU.OOO  tons.  Transjiortation 
facilities,  li/->  mih'  hanl  to  Slijijiery  Rock-New  (’astle  State  highway. 

Good  quarry  sites  might  lie  found  at  a number  of  jdaces  eastward 
and  north  of  Slijipery  Rock  Creek  for  three  miles  or  more  to  qnany 
of  Samuel  tValkcu-.  Transjiortation  facilities,  however,  are  jioor 
unless  operations  would  lie  snfticiently  extensive  to  justify  the  con- 
struction of  a siding  1^  miles  long  witli  a bridge  over  the  creek.  A 
vast  tonnage  would  be  available  in  this  district  on  faces  jirobably 
averaging  IS  feet. 

9.  One-thii'd  mile  northwest  of  Doughertys  Mills  on  either  side 
of  road.  Thickness  of  face.  20  feef : covei-,  0 to  1 1 feet  on  otu*  side  and 
0 to  l()f  feet  on  the  otlnu-.  Available  (piantity,  dOO.OOO  tons.  Trans- 
jiortation faciliti(*s,  on  the  R.utler-Slijijiery  Rock  Stab*  highway, 

10.  Near  Adams  Corners  south  of  (jnarry  of  Climax  Lime  and 
Stone  Co.,  along  north  side  of  run.  Thickness  of  face*,  11  feed-:  cover 
not  excessive  on  area  200  f(*et  by  250  feet.  Availalile  quantity 
(>00,000  tons.  Tramsjiortation  facilities,  siding  14  I'Ole  long  should 
be  built  to  the  R.  A L.  E.  Railroad,  at  Wick. 

Cheri'ji  Township,  lintlcr  CoiDifp. 

11.  On  west  side  of  McMurrays  Run  between  (juarry  of  Rranchfon 
Limestone  and  Rallast  Co.  on  the  south  and  (piarry  of  the  Rittsbui-gh 
Limestone  Co.  on  the  iiorth.  Fac(‘,  15  feet  with  cover  0 to  50  feet 
on  an  area  4000  feet  by  200  feet.  AvaJlalde  (piantity,  1,000,000  tons. 
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'^I’l'aijsjtortation  facilities,  ([aarry  might  he  \\’orked  iu  couiiection 
with  adjoining  qnarries  Avhich  liave  crushing  plants  and  shipping 
facilities. 

12.  A short  distance  south  of  Atwells  Crossing  on  farm  of  M.  A. 
Thompson,  at  an  (devation  of  110  fe<d  above  railroad  grade.  Face. 
15  feet  Avith  cover  not  excessive  on  an  area  of  9000  feet  by  200  feet. 
Available  quantity,  2,250,00(1  tons.  Trans])ortation  facilities,  a self 
acting  incline  ]tlane  000  feet  long  should  he  constructed  on  short 
siding  on  the  B.  & L.  E.  Railroad. 

Kh  One  mile  southeast  of  Bovard  on  ])roperties  of  Joseph  Hamil- 
ton, C.  J.  Sinqtsoii,  ami  the  Crossman  Heirs,  et  al.  Face,  15  to  18 
feet;  cover  thin  at  outcrop  hut  inci eases  rapidly  u]>  the  slopes.  Face 
may  be  extended  for  about  one  mile.  TransitortaTion  facilities,  an 
abandoned  branch  line  of  Hie  railroad  passes  the  site. 

11.  East  of  the  Rye  Bread  School.  Thickness  of  face,  IS  feet.  A 
face  of  nearly  two  miles  can  be  opened  around  a knoll  Avhich  can  be 
cdnqiletely  stripjied.  Available  quantity  very  large.  Transportation 
facilities,  none,  unless  siding  be  constructed  on  an  old  grade  from 
Branchton  on  the  B.  & L.  E.  Railroad,  or  product  carried  through 
gap  to  site  near  AHvells  Ci'ossing  referred  to  as  Ro.  12. 

15.  One  mile  north  of  iManiteau  on  west  side  of  road  from  Mani- 
!eau  to  Atwells  Crossing.  Face,  IS  feet;  cover,  (I  to  dO  feet.  Available 
(piantity  2, 000, 000  tons.  Transportation  facilities  ]»oor  at  ju’csent, 
not  near  any  railroad  or  State  highway. 

Parker  Township,  Butler  County. 

1(5.  Two  miles  soutlnvest  of  Parkers  Landing  on  road  to  Bruin. 
Face  0 feet,  cover  light.  Available  quantity,  25,000  tons.  Trans])orta- 
tion  facilities  poor;  available  only  for  local  improvements. 

Mercer  Township,  Butler  County. 

17.  Ea.st  of  Harrisville,  between  the  east  and  Avest  forks  of  Mc- 
IMurray  Run,  extending  into  Marian  ToAvnship.  Thickness  of  face 
15  to  20  feet.  Cover  thin  over  a large  area.  This  site  seems  favorable 
for  large  quarrying  operations,  Avith  10,000,000  tons  available.  To 
afford  adequate  transi)ortation  facilities,  a sjuir  from  the  B.  & L.  E. 
Railroad  2i/4  miles  long  Avould  be  necessary.  No  excessive  grading 
would  be  required. 

Marian  Township,  Butler  Cemnty. 

18.  North  of  AtAvells  Crossing  on  property  of  S.  J.  Black.  Thick- 
ness of  face  10.8  feet.  A face  750  feet  long  can  be  AAmrked  to  a depth 
f)f  200  feet  Avithout  excessive  covei'.  AA'ailable  quantity,  200,000  tons. 
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Transportiitioii  facilities,  road  liaiil  of  about  one  mile  to  Atwells 
Crossing,  on  Hilliards  Branch  of  the  B.  & L.  E.  Bailroad. 

19.  Two  and  one-half  miles  west  of  Murrinsville  on  road  to 
Harrisville  on  the  farm  of  B.  Gillqtiist.  Thickness  of  face,  1<>  feed  ; 
cover,  light.  Available  quantity,  200,000  tons.  Transj)oitation  facili- 
ties good  for  local  roads  onljn 

Venanfjo  Toivnsliip,  Butler  County. 

20.  Small  quarry  sites  can  be  develo])ed  in  this  township  for  local 
Iiighways.  Tin*  formation  is  thin  in  most  j)laces,  seldom  exceeding  10 
feet.  It  is  thickest  in  the  northeastern  part  of  the  townshij)  along 
the  headwatei'S  of  Liitie  Scnibgrass  Creek. 

Irwin  Township,  Venango  County. 

21.  In  the  southeiistern  part  of  the  township  on  the  northwest 
side  of  Pittsburgh  and  Franklin  Highway,  a face  of  limestone  1500 
feet  long  and  0 feet  or  more  in  thickness  can  be  opened  under  cover 
not  exceeding  18  feet,  and  will  yield  100,000  tons  of  stone  available 
for  that  highway.  Other  outcro[)s  along  the  highway  may  be  opened 
for  like  purpose.  Over  the  township  generally  the  Vanport  is  thin. 

Scruhyruss  Towoiship,  Venango  County. 

22.  Immediately  north  of  Anderson  Stone  House  a face  .^1500 
feet  long  with  a thickness  of  15  feet  can  be  opened  and  quarried 
back  for  a distance  of  300  feet,  and  would  yield  1,000,000  tons.  Trans- 
portation facilities,  -1  mile  haul  ovei-  a dirt  i-oa<l  to  EmlenTon-Olinton- 
ville  State  highway. 


STitirriNG. 

In  the  district  studied  the  overburden  is  in  most  j)laces  of  a shaly 
character  and  easily  removed,  provided  its  depth  is  not  gr(>at.  In 
small  qiiarries  the  cover  is  usually  dug  by  hand  and  irnioved  l»y 
wheel  barrow  or  cart.  This  method  is  sknv  and  relatively  expensive. 
For  quarrying  on  a large  scale,  light  tracks,  dump  cars,  and  steam 
shovel,  should  be  jumvided. 

In  most  cases  the  character  of  the  overburden  or  cover  is  well 
ada])ted  to  steam  shovel  work.  In  sti-iiqdng  Ixsls  wliei-e  the  rf>ck 
surface  is  irregular,  it  is  frequently  necessary  to  follow  u]>  the  steam 
shovel  with  hand  shovel  Avork,  in  order  to  keep  the  ]u-oduct  clean. 
The  operators  in  each  instance  must  decide  what  methods  Avill  give 
the  best  results  in  tonnage  costs. 
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MINING. 

Usnallr  the  uiidergroumi  iiiining  of  rock  is  too  expensive  for  road 
jnugtoses,  and  the  Yan])ort  formation  is  too  thin  to  readily  ada])t  it- 
self to  tliis  type  of  production.  However,  in  several  localities  this 
rock  is  being  taken  out  in  this  way.  The  necessary  e(iui]>ment  for 
mining  differs  little  from  that  for  large  quarries,  except  that  appara- 
tus must  be  sup])lied  for  ventilation  and  for  keei)ing  the  mine 
drained.  Mining  is  practiced  in  the  district  l>y  driving  cross  entries 
fi'om  a main  passage  and  mining  out  rooms  at  right  angles  to  the 
<'i*oss  entries,  alternating  on  opposite  sides.  Where  the  limestone  is 
18  feet  thick,  about  12  feet  can  be  mined,  leaving  (!  feet  for  roof. 
Rooms  vary  in  width  from  25  to  40  feet  and  pillars  from  20  to  25 
feet,  dej)ending  upon  condition  of  roof  and  nature  of  cover.  Rooms 
may  be  from  200  to  300  feet  long. 

USES. 

The  N’anjiort  limestone  of  this  section  is  suitable  in  (luality  for 

1.  Road  building.  No  other  stone  in  northwestern  I’ennsylvania 
excels  or  even  ecpials  it  in  wearing  (puilities  and  cement  value. 

2.  Fluxing  stoiK*.  The  low  ])ercentag(‘  of  silica,  ])hosphorus,  and 
aluminum  in  the  Vanport  limestone  makes  it  available  for  this 
purpose. 

Sintering  stone.  For  this  i)urpos(*  the  stone  must  be  broken 
t(j  a I inch  size. 

4.  (\unent.  The  Vanport  bcung  high  in  lime  and  low  in  silica 
is  largely  used  Avith  blast  furnace  slag  in  the  manufacture  of  Port- 
land cement.  Limestone,  to  have  good  cement  vahie  should  contain 
sul'ticient  lime  to  bring  the  percentage  in  tiie  mixture  up  to  75  per- 
cent, should  contain  not  more  than  4 ]km-  c(*nt  magnesia,  b ]ier  cruit 
silica,  no  large  amounts  of  alnmin.um  or  iron  sulphides,  and  should 
not  be  too  hard  or  too  porous. 

5.  Lime.  The  ^btnport  is  well  tidapti-d  and  larg(*ly  us(>d  for 
bine,  both  for  agricultural  and  commercial  ])urposes. 

Vanport  limestone  of  Lawrence  County. 

By  F.  B.  Peck. 

In  Lawrence  and  adjacent  counties  the  Vanport  limestone  is  re- 
mai-kably  presistent  and  rather  unifoi-m  in  both  thickness  and 
chai-acter.  In  thickness  it  ranges  from  14  to  23  feet,  tvith  an  aver- 
age in  the  majority  of  localities  tvhere  it  tvas  examined  (at  outcrops 
or-  in  quarries)  of  18  feet.  In  most  places  several  distinct  benches 
or  subdivisions  in  the  formation  can  easily  Ite  distinguished,  owing 
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to  soiiK'w  liat  ])i-oii()tiiice(l  chaii^vs  in  Ilia  li Uiolo” ical  and  cliemical 
rliaractcr  ol'  Ilia  rock.  (Sea  fi.unra  7i  rsnally  tin*  npjiar  bancli,  5 to 
8 or  even  12  feat  thick,  consists  of  gray,  highly  foss:lit'arous  liina- 
stona,  in  which  the  hadding  jilanas  an*  rather  widely  se]au'ated  and 
regular  in  character,  giving  this  ]>art  of  the  fonnation  a thick  or 
heavy  bedded  aiiiiearanca.  ( 'haniica lly  it  is  reported  to  be  somewhat 
impure,  containing  70-75  per  cent  of  cailioiiate  of  lime  (CaCO.), 
Ihe  remainder  liei-ng  mostly  silica  and  alumina.  This  ujijiar  bench 
breaks  with  a conchoidal  fractui'e  into  angnlar  fragnn*nts,  rndaly 
a([nidimensional. 
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f^S.n^sfone  Iron  ^^^Mcarbonaceous  shale 


Figure  7.  Cross  sections  of  Vanport  limestone  quarries,  Lawrence  County. 

1,  — Lehigh  Poitlaiui  Cement  Co.,  New  Castle. 

2.  — Shenango  Limestone  Co.,  1 mile  south  of  New  Castle. 

•S.— Interstate  Limestone  Co.,  U miles  northwest  of  Chewton. 

4. — Ilnck  Run  Limestone  Co.,  3 miles  north  of  ITazelilell. 
o. — Rose  Point  Limestone  Co.,  Rose  Point. 

C. — Clidesdale  Stone  Co.,  Ellwood  City. 


Heluw  this  upper  bench  usuailj  uccurs  2 feet  of  a more  or  less 
slaty  vai-iety  of  limestone  which  has  a tendency  to  break  in  long 
Hat  pieces.  This  slaty  character  is  exaggerated  on  weathering,  for 
wiiere  the  rock  has  been  long  exposed,  the  slaty  character  is  clearly 
visible.  Usually,  however,  where  the  rock  is  freshly  broken,  its  slaty 
character  is  not  particularly  noticeable  and  would  not.  detract 
materially  from  its  good  road  building  qualities. 

IJelow  this  somewhat  slaty  horizon  or  bed  usually  comes  2 to  5 
feet  of  purer  limestone,  the  purest  in  the  formation,  said  to  contain 
bb  per  cent  CaCOg.  It  is  sometimes  called  the  “Bull  layer  or  bed” 
and  sometimes  goes  by  the  name  of  the  “20-inch  seam  or  bed.”  It 
breaks  into  equidimensional  fragments  and  has  an  irregular  or  con- 
choidal  fracture. 

Below  this  bench  of  piirer  limestone  lies  3 to  5 feet  of  dark  blue 
limestone,  having  a rather  thin  and  very  irregular  bedding  which 
gives  the  limestone  a decidedly  wuirty  or  knotty  appearance.  It  is 
usually  very  hard  and  splintery,  and  breaks  into  irregular  fragments. 
Chemically  it  is  somewdiat  impure  and  is  reported  to  average  74  to 
70  per  cent  CaCOg.  The  bottom  layer,  a foot  or  less  in  thickness,  is 
often  flinty  in  character  and  seems  to  be  decidedly  impure.  It  is 
sometimes  referred  to  as  “bottom  rock.” 

These  various  horizons  or  benches  are  not  always  distinguishable 
in  different  quarries.  Occasionally,  however,  the  upper  gray  lime- 
stone with  its  thick  regular  bedding  comprises  nearly  two-thirds  of 
the  entire  thickness  of  the  Vanport  and  can  be  quickly  and  easily 
distinguished  from  the  blue  knotty  limestone  below^  with  its  thin, 
irregular  bedding.  The  u])per  gray  })ortion  is  the  rock  best  suited 
for  flux,  wdiile  the  low’er  bench  of  blue  limestone  is  less  suited  to 
fhat  purpose  and  is  sometimes  left  in  the  quarry  floor  to  be  quarried 
later  for  ballast  or  concrete.  Both  the  gray  and  the  blue  as  well  as 
the  slaty  beds,  are  suitable  for  cement  making,  and  occasionally  the 
blue  is  sold  as  flux  for  open  hearth  furnaces. 

DESCRIPTION  OF  INDIVIDUAL  EXPOSURES. 

The  Vanport  limestone  is  the  only  rock  suitable  for  road  metal  in 
Law'rence  County.  In  Beaver  County  it  occurs  too  low  down,  i.  e.  too 
near  drainage,  and  consequently  under  too  heavy  a cover,  to  be  con- 
veniently quarried.  But  nortlnvard  in  the  southern  part  of  Lawrence 
County  it  gains  an  elevation  of  1000-1050  feet,  and  is  far  enough 
above  drainage  and  near  enough  toward  the  tops  of  the  hills  to  be 
economically  stripped  or  mined  by  underground  methods  for  flux, 
ballast,  concreting,  and  lime,  or  cement.  Northward  about  New 
Castle  it  gains  an  elevation  of  1100  feet  and  keeps  it  west  of  New 
Castle  at  Hillville  and  at  the  Ohio  State  line.  East  of  New  Castle, 
in  the  eastern  part  of  LaAvrence  County  and  the  western  part  of 


lJutler  Counly,  ahoiit  Jvose  I’oiiit,  Paynes,  and  I’ortersville  kSlalit)n, 
it  lingers  at  or  near  1200  feet.  Xortlnvard  from  these  i)oints,  in 
IMercer  County,  it  climbs  up  into  the  tops  of  the  liills  and  attains  an 
elevation  of  1350  or  1400  feet.  Across  the  entire  widtli  of  Lawrence 
County,  both  east  and  west  of  New  Castle,  the  limestone  is  found 
under  a comparatively  light  cover  and  can  therefore  be  economically 
stripped  and  quarried  over  relatively  large  areas.  It  will  be  noted 
that  the  large  quarrying  operations  of  Lawrence  County  are  locateil 
east  and  west  of  New  Castle.  It  is  because  the  limestone  in  this 
latitude  occurs  well  toward  the  tops  of  the  hills  under  cover  that 
varies  from  nearly  zero  to  once,  possil)ly  twice,  its  own  thiclcness 
and  is  seldom  more  than  that.  A few  miles  south  of  New  Casthq  as 
at  Hazeldell  and  AVampum,  the  cover  becomes  so  heavy  as  to  l)e  pro 
hibitive  for  most  quarrying  operations  and  mining  is  resorted  to  as 
at  llie  Cresc<“iit  Poi'lland  Cement  Co's,  (piari'y  immediately  south  of 
Abunpum.  North  and  northwest  of  New  Castle,  except  for  one  large 
outlier  in  Neshannock  towns]ii|»,  the  limestone  has  been  eroded. 

The  Van})ort  limestone  was  carefully  examined  at  more  than  70 
localities.  AVhere  possible,  the  thickness  of  the  limestone  was 
measured  with  a steel  tape  and  a detailed  examination  made  of  the 
various  beds  to  determine  their  suitability  for  road  purposes. 

In  addition  to  these  70-odd  localities,  the  linu'stone  was  insjtected 
at  numerous  points  along  the  outcrop  .so  that  over  most  of  the  county 
its  elevation  and  character  were  determined  with  some  accuracy. 

A description  of  a few  of  these  localities,  with  observations  on  th(> 
character  and  availability  ot  the  rock,  Avill  now  be  givtui. 


A cw  Cdstlc.  du.st  east  of  New  (’astle  are  the  extensi\'e  (piarries  of 
the  Lehigh  Portland  Cement  Co.  The  limestone  here  is  under  a cover 
(»f  sandstone  and  sandy  shale,  with  a coal  .seam  underlain  by  ti]-e  (dav 
at  the  top,  and  30  40  feet  above  the  top  of  the  limestone.  This  coal 
seam  is  probably  the  Lower  Kittanning  coal  and  is  20  to  30  inches 
thick.  This  shale  turnishes  the  necessary  clayey  ingredient  which  is 
mixed  with  the  limestone  to  form  the  proper  mixture  of  raw  materials 
necessary  in  the  manufacture  of  I’oi'tland  cement.  Plate  XIV,  A. 
shows  the  heavy  cover  on  the  limestone. 


The  limestone  is  here  14  feet  thick  and  shows  the  several  benches 
or  sots  of  beds  which  are  rather  typical  of  the  Abuiport  limestone 
everywhere  in  Lawrence  County.  The  iipjier  bench  or  set  of  beds  is 
gray  and  consists  of  thick  or  heavy  beds  with  rather  even  bedding 
planes.  The  limest(uie  is  hai-d  and  breaks  with  an  uneven  fracture 
into  angulai  tiagmeuts.  Chemically,  it  is  re[)orted  to  have  a CaCt)., 
content  of  74-7G  ])er  cent.  This  up]ier  bench  is  5 feet  thick.  The  suc- 
ceeding bench  is  also  gray  and  hard  but  has  a higher  content  of 
CaCOg  (!)b  per  cent).  The  quarrymen  occa.siona lly  refer  to  this  bed 
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PLATE  XIV. 


A.  Vanport  limestone  in  north  quarry  of  Lehigh  Portland  Cement  Co. 

New  Castle. 


B.  Vanport  limestone  mine,  Crescent  Portland  Cement  Co.,  Wampum. 
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iis  liiiK'stone.”  The  lowest  heiicli  is  ihirker  and  soine\\'hat  iin- 

piire,  havin';'  70  ]iei‘  cent  ('a(’0..  The  heddin;;'  is  irregnlar  and  the 
rock  has  a warty  or  knotty  appearance  due  to  tliis  irre;>nlar  heddin;;. 
Its  thickness  is  4 to  o feet. 

I’elow  this  lowest  bench  comes  1 foot  of  black  sandy  sliale  which 
is  followed  by  1 foot  of  iinimre  coal. 

About  1 mile  south  of  Xew  Castle  is  the  (piarry  of  the  Sheiiango 
Limestone  Co.  It  is  one  of  the  best  places  in  the  Xew  Castle  region 
from  which  to  derive  an  immediate  and  large  supj)ly  of  limestone 
for  road  metal.  The  concern  is  in  o])eration  and  a considerable  ton- 
nage is  at  i)resent  being  supplied  for  flu.x:,  ballast  and  roadmaking. 
The  quarry  face  is  2r)00-;i()00  feet  long.  The  limestone  here  is  20  to 
22  feet  thick  and  is  (piarried  in  two  benches.  The  up{>er  bench  con- 
sists of  about  12  feet  f)f  gray  limestone,  the  lower  1 or  5 feet  of  which 
is  thin  bedded.  This  ui)per  bench  has  been  ([uarried  in  the  past, 
chiefly  for  flux.  The  lower  bench,  which  is  about  .■)  feet  thick,  is 
blue,  exhibits  the  usual  irregular  Ijedding  of  the  lower  part  of  the 
Vanport  limestone,  is  hard  and  knotty  and  not  suitable  for  flux, 
hence  has  been  left  in  the  bottom  of  the  (piarry  to  be  quarried  later 
from  time  to  time  for  ballast  or  road  metal. 

The  cover  on  this  limestone  is  :>l-35  feet  thick  at  the  deepest  point. 
1 oward  the  north  end  of  the  ([uariw  it  is  much  thinner,  diminishing 
to  10  or  3 5 feet  of  disintegrated  sandstone  and  shale,  and  is  in  places 
even  thinner,  so  that  there  is  a considerable  area  here  that  could  be 
easily  and  inexpensively  strijiped. 

All  of  the  beds  in  this  quarry  seem  of  suitable  character  for  road 
building. 

The  company  is  eijuipped  with  all  modern  appliances  for  quarry- 
ing on  a rather  large  scale,  including  drills  (both  pneumatic  and 
churn),  steam  shovel,  and  a crusher  of  several  hundred  tons  daily 
capacity. 

Three-fourths  of  a mile  northeast  of  Xew  (’astle  Junction,  on  a farm 
of  50  acres  (*wned  by  a ]\Ir.  ('oojtei*  is  an  old  cpiarry,  formerly  leased 
by  the  Geo.  W.  Johnson  Limestone  ('o.  Tmnnnliately  to  the  south 
thei'e  are  fi-om  in  to  12  acres  of  giound  nndeidain  by  the  limestone, 
which  has  been  thoroughly  tested  and  said  to  be  of  good  (piality  and 
tliickness.  In  the  old  quaia-y  but  8 or  10  feet  of  the  limestone  are 
exposed,  the  base  of  it  l)eing  concealed  by  debris  and  water  whicli 
has  been  dammed  in  to  furnish  water  for  stock. 

Much  of  the  adjacent  teriltoiy  to  the  north  still  is  nnd(‘rlain  with 
the  limestone. 

W'v.sl  l‘ittshunih. — Xoilh  of  M'est  rittsburgh,  the  lini(*stone  out- 
crops inl()-10(!0  feet  aboxc  sea  ho'el,  and  one  can  see  8 feet  of  the 
rock,  which  is  not  its  entire  thickness.  There  is  a small  opening  in  it. 
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Just  east  of  West  Tittsburgh  is  an  old  quarry  that  has  not  been 
in  operation  since  1911.  The  (piarry  face  is  250-300  feet  long  and  ex- 
))Oses  a tliickness  of  20  feet  of  good  limestone.  The  covei-  for  a dis- 
tance of  200  feet  back  from  the  quariy  face  varies  from  15  to  30  feet 
in  thickness  and  consists  of  soft  disintegrated  sandstone  and  sandy 
shales.  The  elevation  of  the  beds  liere  is  lOGO-1080  feet.  One  foot  of 
the  inferior  iron  ore  occurs  above  the  limestone.  The  limestone  out- 
crops to  the  north  along  the  hillside  for  some  distance  from  the 
(jnarry. 

Half  a mile  south  of  Union  Valley  an  outcrop  of  the  limestone 
shows  a thickness  of  23  feet.  This  is  the  maximum  for  the  Vanport 
limestone  in  Lawrence  County,  so  far  as  observed. 

Chewton. — Half  a mile  northeast  of  Chewton  are  the  old  quarries 
of  the  Lawrence  Limestone  Co.,  previously  owned  and  operated  by 
the  Geo.  W.  Johnson  Limestone  Co.,  Ncav  Castle,  Pa.  These  quarries, 
which  are  extensive,  have  not  been  operated  for  10  years  and  the 
spur  from  the  Baltimore  and  Ohio  R.  E.  has  been  removed.  The  old 
(piarry  face  ex])Oses  tlie  limestone  for  1000  feet  or  more,  the  average 
thickness  being  12  to  14  feet. 

The  cover,  which  at  the  quarry  face  is  15  to  40  feet  thick,  increases 
rapidly  up  the  slope  of  tlie  hill  to  70  feet  at  200  feet  from  the  quarry 
face. 

This  rapid  iuciamse  in  cover  was  probably  the  reason  f<u'  the  aban- 
donment of  the  quarry.  Coal  has  been  mined  from  a bed  80  to  90 
feet  above  the  limestone. 

Half  a mile  northwest  of  the  previous  locality  is  another  old  quarry 
of  considerable  extent.  The  limestone  here  is  15  to  20  feet  thick. 
The  upjier  10-12  fi^d  has  been  quarried,  ]irobably  for  tlux;  much  of 
the  lower  bench,  5 feet  thick,  which  consists  of  hard  blue  limestone, 
has  been  left  in  the  quarry  floor,  and  would  be  available  for  road 
metal.  This  rock  extends  back  under  the  old  waste  heaps,  Avhere  it 
could  be  easily  recovered.  The  cover  over  the  limestone  here  is  25-30 
leet  thick  and  consists  of  thin  bedded  sandstone. 

Half  a mile  imst  of  Xewport  is  the  extensive  quarry  and  the  modern 
w(‘ll-e(pii]>])ed  crusher  of  the  Interstate  Limestone  Co.  The  limestone 
is  exj)osed  in  the  quarry  face  for  half  a mile  along  the  Avest  slope 
of  the  hill,  and  has  a thickness  of  17-20  feet.  Three  benches  are  dis- 
tinguishalfle,  all  apparently  suitable  for  road  material.  The  usual 
gray  and  blm*  varieties  of  limestone  are  typically  developed. 

EastAvard  from  the  nortliAvest  end  of  the  quarry,  around  the  end 
(;f  the  ridge,  there  seems  to  be  a consideralfle  acreage  of  good  strip- 
ping ground.  Avhere  the  cover  Avould  be  light.  At  the  soiitheru  end 
of  the  quarry  considerable  rock  has  been  stripped. 


One  mile  north  of  Chewton  are  the  exteimive  (luarries  of  the  Pitts- 
burgh Jamestone  Co.  anil  the  Lawrtaice  Linu^stone  Co.  The  (luarrjong 
operations  of  the  two  companies  have  developed  one  continuons 
qnarry  face  about  Ij  miles  long.  The  two  quarries  are  under  one 
management,  the  Lawrence  Limestone  Co. 

At  the  south  end  of  these  (juarrying  operations  the  elevation  of 
the  limestone  is  1020-1040  feet;  but  northward  it  rises  rapidly  to 
1060-1080  feet. 

At  the  south  end  the  limestone  is  18  to  20  feet  thick  and  con- 
sists of  two  benches,  the  upper  12  feet  being  gray  and  the  lower  0 
blue.  At  this  end  of  the  quarry  for  a stretch  of  1500  feet  along  the 
quarry  face,  the  rock  is  too  higlily  siliceous  for  tlux  and  no  quarry- 
ing is  in  progress  at  ijresent.  The  rock,  however,  is  perfectly  suited, 
as  it  seems,  for  road  metal.  Furthermore,  it  is  next  to  the  tipple 
where  the  rock  is  loaded  into  cars  for  trans]»ortation.  There  are 
30  to  40  acres  of  ground  that  coiild  easily  be  stripped  and  quarried, 
and  hundreds  of  thousands  of  tons  of  rock  already  broken  or  ready 
to  be  quarried  so  that  this  ]dace  is  one  of  the  very  attractive  points 
for  immediate  supply.  The  cover  along  the  quarry  face  is  20-30  feet 
thick  and  increases  to  50  feet,  200  feet  liack  from  the  quarry  face. 

At  the  north  end  of  the  quarry  the  rock  is  suitable  for  flux,  the 
upper  12  feet  of  gray  limestone  being  shii>ped  for  tlux  in  Bessemer 
furnaces,  while  the  lower  6 feet  of  l)lue  rock  is  used  in  open  hearth 
furnaces.  All  the  rock  from  this  ]>art  of  tlie  (juarry  is  thus  sold  for 
tlux,  most  of  it  being  shijiped  to  Sharon  and  East  Johnstown. 

Duck  h‘uii. — q’he  (piarry  of  the  Duck  Bun  Limestone  Co.,  owned  by 
the  Harmony  IMercantih*  Co.,  Eidenau,  Pa.,  thiee-quarters  of  a mile 
south  ot  Duck  Run,  is  not  in  operation  though  equipped  with  tracks, 
cars,  and  a small  crusher.  The  quarry  face  is  200-300  feet  long  and 
exposes  18-1!)  feet  of  good  limestone. 

The  cover  at  the  quarry  face  varies  from  5 to  15  feet  and  increases 
to  30  feet  100  feet  liack  from  the  face.  Conditions  for  further  opera- 
tion here  are  favorable. 

Wauipum. — Just  south  of  tVamjmni  is  the  (pianw  of  the  Crescent 
Portland  Cement  ( 'o.  All  the  rock  quari'ied  is  used  in  cement  manu- 
facture. The  limestone  here  is  21  feet  thick.  The  cover  ranges  from 
a few  feet  at  the  extreme  northern  end  of  the  quarry  to  50  or  60  feet 
at  its  deepest  point  about  midway  along  the  (piarry  face.  The  amount 
of  silica  and  alumina  in  the  limestone  is  too  low  for  the  raw  mixture, 
so  that  the  sandy  shale  that  overlies  the  limestone  is  added  in  sufli- 
cient  quantities  to  give  the  jiroper  iiercentages  of  lime  carbonate, 
silica  and  alumina  to  the  raw  material.  Thus  a jiart  of  the  over- 
burden is  utilized  in  the  manufacture  of  the  cement.  The  cmer  is 
not  stripped  from  the  limestone,  but  the  limestone  is  mined  by  under- 
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ground  methods,  the  ui)i>er  3 or  4 feet  being  left  to  su])port  the  roof. 
kSo  far  as  observed,  this  is  the  onlj"  place  in  Lawrence  County  Avliere 
the  limestone  is  being  taken  1\y  underground  methods.  The  mine 
entry  and  the  shale  and  sandstone  overlying  the  limestone  are  shown 
in  Plate  XIV  B. 

The  quarry  is  an  extensive  one,  extending  around  the  northern  end 
of  the  ridge  and  southward  along  its  western  side.  Here  the  cover 
is  thin  and  about  three-quarters  of  an  acre  of  limestone  has  been 
stri])ped.  This  was  originally  a separate  quarrying  proposition. 

I'Jllivood  at  If. — Just  south  ofEllwood  City,  is  the  extensive  quarry 
of  the  Cljalesdale  Stone  Co.  The  limestone  formation  here  reaches  its 
maximnm  thickness  so  far  as  observed  in  Lawrence  Comity,  con- 
sisting of  gray  ivith  nnderlying  bine  beds,  Avhich  together  measure 
23  feet.  The  cover,  which  is  30  to  40  feet  thick,  consists  of  thin  bedded 
shaly  sandstone  and  greenish  gray  sandy  shale  with  a seam  of  coal 
and  a thick  bed  of  clay  about  30  feet  above  the  surface  of  the  lime- 
stone. This  cover  is  stripped  and  manufactured  into  paving  brick  in 
the  company’s  brick  yard.  The  limestone  is  quarried,  crushed  and 
sold  mostly  for  road  building,  though  some  of  it  is  disposed  of  for 
flux.  About  2.50  tons  of  limestone  are  crushed  daily  at  this  well- 
equi])]>ed  ])lant.  A commendable  economy  in  the  utilization  of  all 
the  materials  quarried,  either  for  brick  making  or  road  material, 
deserves  brief  mention.  The  elevation  of  the  limestone  in  this  quarry 
is  a])i)roximately  1020-1040.  There  is  a perceptible  di})  to  the  west 
ho-wever,  for  1 mile  to  the  Avest  from  this  point,  the  limestone  has 
an  elevation  of  980  to  1020. 

Xorth  and  nortlnvest  of  llazeldell  there  are  many  OAitcrops  of  the 
Vanport  limestone.  Small  quarries  have  been  opened  in  sevei*al 
places. 

On  the  farm  of  Mr.  P.  W.  Cochran,  14  miles  Avest  of  Moravia,  the 
Vaiq)ort  outcrops  in  the  field  north  and  Avest  of  the  house  at  an 
elevation  of  1050  feet.  This  tract  has  bee])  drilled  by  the  Crescent 
Porflaud  Cement  Co.  and  If!  feet  of  limestone  is  reported. 

On  fhe  farm  of  Mr.  Kelso,  1 mile  nortliAA'est  of  Moravia,  the  lime- 
stone ()ntcro])S  again  at  an  elevation  of  1050  f(>et.  The  beds  here  seem 
to  lie  betAveen  1030-1050.  Xortlnvard  from  here  on  the  farm  of  Mr. 
E.  O.  Duff,  there  is  an  exjiosnre  of  4 feet  of  limestone  at  about  the 
same  elevation. 

On  flu*  fann  of  Mi-.  A.  B.  Bi-ight,  half  a mile  north  of  Kelso’s,  is 
an  old  limestone  (piai-i-y,  Avhich  30  years  ago  was  Avorked  for  finx. 
The  (pun-ry  Avas  an  (‘xlensive  one,  extending  to  the  north  along  the 
side  of  the  hill.  About  10  feet  of  gray  rock  Avas  removed,  leaving 
about  5 feet  of  blue  rock  in  the  liottom  of  the  (inarry.  The  total  thick- 
ness is  15  feet  or  more.  The  cover  at  the  qnarry  face  is  from  10  to 
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!•>  f('('t  thick  and  consists  of  soft  glacial  dchris.  It  slojics  g(‘ntl\'  ii]i- 
wards  to  the  wt*st  and  liOO  fc<d  fi-oin  llu^  (|nan-y  face  is  Init  2(1  or  2d 
feet  thick. 

(*st  of  Xew  Castle  near  the  i^tat(“  line,  the  liniestoiu*  gains  an 
elevation  of  1100  feet.  It  maintains  this  elevation  -with  snr])rising 
])er.sistency.  oi-  rather  we  should  say.  tliat  erosion  has  discov(‘r(Ml 
the  ladatively  hard,  resistant  Vaii])ort  limestone,  which  heiM*  assumes 
a horizontal  attitude  over  a large  area,  the  limestone  ludiig  the  con- 
trolling factor  in  the  toi)Ogi‘a])hy.  It  is  a great  bench-fornun'  (jr- 
terrace-former  wherever  it  gains  enongh  elevation  abo\e  drainage* 
to  influence  the  topograidiy. 

Ilillsville. — In  the  region  about  Bessemer  and  Ilillsville,  and  north 
from  these  places,  the  soft  friable  sandstones  and  sandy  shales  that 
form  the  cover  of  the  limestone.  ha\e  been  nearly  removed.  Xorth 
of  tlie  Mahoning  Kiver  most  of  the  limestone  has  also  been  removed, 
residual  patches  of  it  remaining  in  the  top  of  the  hills.  The  hori- 
zontality  of  the  resistant  limestone  occasionally  imparts  a,  horizon- 
tality  to  the  area  which  it  underlies. 

A mile  southwest  of  Ilillsville  is  a new  opmrry  o]»ened  by  the  G.  W. 
.Johnson  Limestone  Co.  The  cover  here  is  ld-20  feet  thick  and  the 
limestone  15  feet  thick.  The  limetone  is  being  stripped  and  quarried 
by  the  Crucible  Steel  Co.  2 miles  east  of  Ilillsville.  The  cover  here  is 
from  10  to  20  feet  thick.  The  quarry  is  known  as  the  IMidland  Quarry. 

Just  north  of  the  i»revious  locality  are  the  extensive  quarries  of 
the  Union  Limestone  Co.  The  cover  is  10  to  30  feet  thick.  The  lime- 
stone averages  20  feet,  the  upper  Id  feet  of  gray  rock  being  quarried 
for  flux,  the  remaining  5 feet  sold  for  ballast. 

One  of  the  most  extensive  quarries  in  the  region,  OAvned  by  the 
G.  W.  Johnson  Limestone  Co.  lies  1 mile  east  of  Ilillsville.  The 
rock  here  is  being  quarried  for  flux. 

One  mile  nortlnvest  of  Ilillsville  are  the  Lake  Erie  Limestone 
('o‘s.  quarries  and  nearby  are  tin*  extensive  oi)erations  of  the  Carbon 
Limestone  Co. 

Bessemer.~Qxis.rvj  Xo.  5 of  the  Bessemer  Limestone  Co.,  just  north 
of  Bessemer,  is  equipped  Avith  2 steam  shovels  for  strip])ing  and  1 for 
handling  the  rock.  The  cover  here  is  glacial  drift  Avhich  is  10  to 
25  feet  thick.  The  glacial  scratches  on  the  surface  of  the  limestom* 
run  S.  .:>(l  I.,,  and  are  sph*ndidly  d(‘A’eh)]i(*d.  The  linu*stone  is  22-2.! 

feet  thick  and  is  being  shipped  f(.i‘  flux  and  ballast  or  road  metal. 

•Just  south  of  Bessemer  are  quarries  Xo.  2 and  Xo.  3 of  the 
Bessemer  Limestone  Co.  Here  are  the  crusher  and  the  washeries 
of  the  company,  Avhere  the  product  of  their  quarries  is  jtrepared. 
The  gray  rock  is  sold  as  flux.  The  blue  rock  is  crushed  and  screened 
to  four  sizes,  viz,  2 inch,  1 inch,  inch,  and  “sand.”  This  crushed 
and  sized  blue  limestone  is  sold  to  the  State  niglnvay  Department 
for  road  material. 
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Another  quarry  of  the  Crucible  Steel  Co.  I3/2  miles  northeast  of 
Bessemer,  has  been  in  o])eration  for  20  years.  The  upper  15  feet  of 
gray  rock  in  this  quarry  is  used  for  flux  and  the  lower  bench,  5 feet 
thick,  is  quarried  for  concreting  and  road  material,  some  of  which 
latter  is  used  by  the  State  Highway  Department. 

On  the  State  line,  just  north  of  the  Mahoning  River,  is  the  quarry 
of  the  Mahoning  Limestone  Co.  This  is  a magnificent  quarry  and  an 
extensive  one.  The  limestone  is  about  IS  feet  tliick  and  of  the  usual 
two  varieties,  gray  and  blue.  The  cover  consists  of  glacial  drift. 
Tlie  surface  of  the  limestone  is  beautifully  glaciated,  the  striae  run- 
ning S.  .‘>0°  E.  All  of  the  product  of  this  quarry  is  shipped  for  flux. 
This  includes  both  the  gray  and  the  blue  limestone,  so  that  no  bottom 
rock  is  left  in  the  quarry.  The  crusher  is  located  on  the  B.  and  O. 
R.  R.  south  of  the  quarry,  and  prepares  1000  tons  daily.  A few  tons 
(jf  screenings  from  the  crusher  are  disposed  of  daily  for  various 
purposes. 

Rohinson. — One  mile  east  of  Robinson,  is  a nearly  level  area  of  100 
acres  oi“  more,  formerly  underlain  by  the  limestone,  which  here  had  a 
thin  cover  of  rock  and  glacial  debris.  The  gray  limestone  has  been 
(juarried  from  nearly  all  of  this  area,  but  the  blue  limestone  was 
left  in  the  quarry  floor.  There  are  places  where  6 feet  of  blue  lime- 
stone can  l)e  seen  under  the  debris  and  it  seems  probable  tliat  the 
entire  area  is  still  covered  with  this  blue  rock,  although  this  could 
not  be  positively  determined. 

Conditions  are  similar  in  an  aix?a  about  I3/2  miles  northeast  of 
Robinson.  Here  we  have  what  was  an  outlier  of  the  Vanport  lime- 
stone, under  very  thin  cover,  from  which  most  of  the  gray  lime- 
stone has  been  quarried  for  flux,  leaving  the  blue  rock  in  the  bottom 
of  the  quarried  area.  There  are  from  2 to  4 feet  of  this  blue  limestone 
still  visible  over  most  of  this  tract. 

Another  isolated  patch  of  the  limestone,  which  is  intact,  lies  2^ 
miles  north  of  Robinson.  Much  of  this  virgin  patch  of  limestone 
lies  on  the  farm  of  Mr.  Arthur  Wright.  Here  an  opening  shows 
14  feet  of  good  limestone,  the  upper  12  feet  being  gray,  with  2 feet 
of  blue  rt)ck  below.  Ou  this  farm  18  to  20  acres  are  underlain  by  the 
limestone.  The  adjacent  farms  to  the  northwest  are  in  part  also 
tinderlain  by  it. 

Throughout  this  entire  southwestern  corner  of  Lawrence  County, 
which  is  badly  covered  with  rock  debris,  few  exposures  of  Vanport 
limestone  seem  to  exist,  and  limited  time  did  not  permit  a careful 
search  for  them.  In  the  open  valley  of  Little  Beaver  Creek  about 
Enou  Valley,  it  apparently  lies  close  to  1000  foot  above  sea. 

Northward  in  the  valley  of  Beaverdam  Run  and  Honey  Creek  it  has 
an  elevation  of  1040-1060  feet.  From  here  it  rises  gently  to  the  north. 
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One  inil(‘  noillu'ast  of  lOasthrook  at  an  (‘l(‘vation  of  llfO  lltiO  the 
\'ani)oi't  liiiiostono  outcrops  aloii<;'  tlic  soutli  sloju*  of  the  hill.  Hero 
(Ml  till'  farm  of  Mrs.  II.  .M.  Wilson,  KiO  acu's  arc  nmhnlain  hy  the 
limestone.  Only  0 to  Id  feet  an*  visible,  mostly  p,ray  limestone.  Tin* 
entiri*  thickness  eonhl  not  he  ascertained.  The  cov(‘r  is  very  li^^ht, 
heing  only  4 to  10  feet  of  glacial  debris. 

/lO.sc  Point. — fast  south  of  Itose  Point  is  the  (jnarry  of  the  Kose 
Point  Limestone  t’o.  Tin*  limc'stone  here  is  18  to  32  feet  thick.  The 
n])])er  0 or  8 feet  consists  of  the  nsnal  gray  rock  and  the  lower  10  to 
12  feet  (d'  him*,  with  a so  called  “20  inch  seam”  of  purer  limestone  be- 
tween them.  The  lower  o feid  are  extremely  hard  and  sjdintery,  and 
s(‘em  to  have  esjiecially  good  abrasive  (pialities.  The  rock  from  this 
([iiany  was  formerly  sold  as  llnx,  but  is  now  being  ([narried  and  burn- 
ed mostly  for  lime,  some  being  gronnd  and  sold  to  the  farnn*rs  at 
|U..jO  i>er  ton  for  fertilizer.  The  cover  here  varies  from  a few  feet  to 
20  fe(‘t.  About  18  inches  of  iron  ore  lie  between  the  rock  cover  and 
the  limestone.  The  comjiany  owns  a tract  of  10  acres,  onelialf  of 
which  is  still  nndeilain  by  the  limestone. 

Adjoining  this  tract  on  the  south  is  the  farm  of  Mr.  ,1.  Stuart 
Prown,  IVayne  lion  IVorks,  Pittsburgh,  Pa.  t)n  this  farm  much 
mining  was  done  for  the  iron  ore  but  the  limestone  was  left  intact. 
The  cover  lu‘re  on  the  limestone  is  relatively  I'ght  and  there  are 
many  acres  of  gronnd  120-10)  that  offer  an  esiiecially  attractive  held 
for  limestone  (juarrying.  A spur  from  the  Pessenier  and  Erie  It.  R. 
has  been  constructed  to  the  (juarry  and  lime  kilns. 

Tl'.e  limestone  onlcrojis  on  the  farm  of  IMr.  Stoner  Ihree-fonrths  of 
a mile  west  of  Rose*  Point,  nndei-  light  cover.  A (piarry  could  be 
opened  lu*re  to  advantage,  in  fact  Ihe  rock  has  already  been  quarried 
in  a small  way  and  gronnd  for  fertilizer.  The  limestone  is  1200  feet 
above  sea. 

In  the  eastern  part  of  the  county,  near  the  headwaters  of  Jamison 
Run,  the  limestone  crops  in  the  bed  of  the  stream. 

PI<(in</rore. — One  mile  northwest  of  Plaingrove  it  outcrojis  on  both 
sides  of  Taylor  Run.  The  ledges  are  b to  0 feet  thick  but  the  total 
thickness  could  not  be  ascertalied.  The  elevation  of  the  limestone 
here  is  1180-1200  feet. 

One  and  a (piarter  miles  northwest  of  the  former  locality,  on  the 
farm  of  IMr.  A,  A.  Offett,  the  limestone  cro])s  out  in  the  held  south- 
west of  tlu‘  house  and  is  being  (juarried  for  burning.  Six  feet  of  hard 
gray  rock  is  exposed  in  a I’ccent  o]iening.  The  limestone  is  also 
(luarr'ed  on  the  farm  of  Mr.  T.  i\r.  Geah^y  immediately  west  of  the 
Offett  premises,  but  it  is  thin  here  and  ajipears  to  be  mostly  eroded. 
Clay  seams  in  the  limestone  are  numerous.  The  swampy  areas  lie 
on  or  just  beneath  the  limestone. 
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Amili/.scs  of  Voiipoit  Jim.cfdnue  of  Lauvciice  Coinitjj. 
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1.  Vanport  (Ferrifevous)  limestone.  Jlofflt's  quarry,  2 inile.s  north  from  Croton.  Compact; 
brittle;  sparkling  -with  oalcite ; bluish  gray  and  pearl  gray;  with  irregular  fracture.  (MM.,  p.  297) 

2.  VaniJoi-t  (Ferriferous)  liine.stone.  L.  K.  Shinn  and  Bros.’  quarry,  near  Wampum,  Big  Beaver 
township.  'Compact;  brittle;  .sparkling  with  calcite;  bluish  gray.  MM.,  p.  297) 

3.  Vanport  ( Ferriferoms ) limestone.  Green,  Marquis  and  Johnson's  quarries,  near  New  Castle. 
Co7iipact,  brittle:  sparkling  with  calcite;  bluish  gray,  with  irregular  fracture.  (MM.,  p.  298) 

4.  Vanport  (Ferriferous)  limestone.  McCord’s  quarry,  3 miles  northwest  from  Mt.  Jackson, 
North  Beaver  township.  (I'omiiact,  brittle;  sparkling  with  calcite;  pearl  gray,  with  irregular 
fracture.  (MM.,  p.  298) 

Vanport  limestone  of  Mercer  County. 

The  Vanport  limestone  has  a very  limited  development  in  Mercer 
County.  White  shows  several  small  areas  in  the  southern  part  of 
Springfield  and  the  southeastern  part  of  Liberty  and  Pine  townships 
with  a few  small  outliers  on  the  tops  of  the  highest  hills  in  Jackson 
and  Worth  toAvnships.  It  possesses  the  characteristics  of  the  same 
limestone  as  develojied  in  Butler  and  Lawrence  counties,  described 
above. 

Five  miles  east  of  Mercer,  in  Mercer  County,  the  Vanport  lime- 
stone is  found  in  isolated  patches  in  tlie  tops  of  the  hills,  with  an 
elevation  to  the  west  of  1350,  but  rising  rather  rapidly  to  the  east 
and  acquiring  an  altitude  of  1395  to  1400.  The  rock  here  outcrops  on 
both  sides  of  the  north-south  higliway  and  has  been  quarried  for  burn- 
ing. Eight  feet  of  good  gray  limi’stone  are  visilile  in  the  old  quarry, 
which  was  operated  some  4b  years  ago,  but  Ibis  is  not  the  total  thick- 
ness. One-eighth  of  a mile  to  the  southwest  a recent  drill  hole  pene- 
trated 11  feet  of  glacial  material  with  14  feet  of  limestone  below  it. 
This  was  on  the  farm  of  5Ir.  4.  A.  Baiaies.  The  limestone  here  lies  be- 
tween 1350  and  1370  feet  elevation  and  the  cover,  which  is  glacial 
debris,  has  an  average  thickness  of  S to  10  feet. 

The  Vanport  limestone  outcrops  24  miles  northeast  of  Grove  City 
at  an  elevation  of  1340  feet  south  of  Kerr  School  and  3^  miles  north- 
east of  Grove  City  in  the  road  south  of  the  church  at  an  elevation  of 
1350  feet.  The  cover  at  both  of  these  places  is  thin  and  of  glacial 
origin. 

Limestones  of  Allegheny  Group. 

Lower  Freeport  limestone. — The  LoAver  Freeport  limestone  is  Avant- 
ing  in  Mercer  County  as  it  occmpies  a higher  horizon  than  any  strata 
that  are  noAv  preserved.  It  has  not  been  observed  in  LaAvrence  County 
even  though  its  horizon  is  present  there.  In  Butler  County  it  is 
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devel()])e(]  in  only  a fow  j)lac('s.  5Vli(‘i-e  found  in  the  nortlieni  ]iart 
of  tile  Comity  it  is  scarcely  one  foot  thick,  fn  the  sontliern  part  of  tin* 
comity  it  has  heen  ohsorved  in  more  loealitii^s.  It  is  ahvays  more 
f(“rrngiiions  and  argilhu'eons  than  the  l"])p(‘r  Fia^eport  limestoin* 
which  it  resenihlcs  in  other  characteristics.  In  Winiield  Townshi]) 
it  is  developed  hnl  is  worthless  hecanse  of  the  ahnndance  of  iron 
earhonati'.  In  Ilntho'  and  Smnniit  townshi]  s it  has  Ix'cn  ohserxed  in 
several  places  and  has  been  hnrned  for  agriettltnral  litiie.  AVhere 
developed  it  seldom  or  never  exceeds  3 feet  in  thickness. 

L pper  Freeport  Umentoiie. — The  Upper  Freeport  limestone  is  not 
present  in  Mercer  Coitnty,  is  develoj)ed  in  limited  areas  in  Perry 
lownshij)  only  in  Lawrmice  ('omity,  but  is  fomid  in  ntimerotts  jilaces 
in  Utitler  ( onnty.  In  a few  places  in  Lawrenct*  t.'onnty  it  is  as  mnch 
as  8 feet  thick  and  has  lieen  quarried  and  hnrned  for  agricultural 
lime. 

In  the  southeast  corner  of  Lawrence  ('ounty  at  an  elevation  of 
1200  feet  above  tide,  occur  thin  beds  of  limestone  20  to  24  inches 
thick,  pinkish  to  drab  or  gray,  having  a distinctly  conchoidal  frac- 
ture. An  attemi»t  had  heen  made  to  quarry  it  one  mile  east  of  Plea- 
sant Hill.  This  seems  to  be  the  Freeport  limestone,  which  here  is  too 
thin  and  impure  to  be  of  economic  importance. 

The  Upi>er  Frecqiort  limestone  is  developed  over  the  greater  por- 
tion of  the  southern  part  of  Butler  County.  It  has  been  noted  es- 
pecially in  Clay,  5Iuddy  Creek,  Franklin,  Conoquenessing,  Butler, 
Summit,  Jackson,  Forward,  Penn,  Cranberry,  Adams  and  Clinton 
townships  and  is  fairly  persistent.  It  averages  from  2 to  5 feet  in 
thickness.  In  some  places  it  is  divided  into  two  ]>arts  by  a few  feet 
of  shale.  It  is  a fresh  water  limestone,  compact  or  breccia  ted,  high 
in  iron.  Its  only  use  is  for  agricultural  lime  and  even  for  that  ]mr- 
pose  it  is  not  well  suited  on  account  of  the  ditliculty  xvith  xvhich  the 
lime  slakes. 

Limestones  of  the  Conemav»gh  Group. 

The  Conemaugii  groii])  is  ])resent  in  th(>  southeni  ]>art  of  Butler 
('ounty  wliei'e  it  contaiiis  tlie  P.i-ush  Creek,  Pine  Creek  and  Ames 
( ('i-inoidal  I limestone,  all  of  wliich  are  tliin,  non-persistent,  and  of 
no  economic  inqiortance. 

ARMSTRONG  AND  CLARION  COUNTIES. 

The  geologv  of  Annstrong  and  Chii-ion  counties  tvas  studied  iu 
considerable  detail  by  the  Second  Geological  Survey  of  Pennsylvania, 
the  results  of  which  were  mainly  imblished  in  Beports  115  and  W. 
Later  the  geologists  of  the  U.  S.  Geological  Suiu  ey  i-e-studied  most  of 
the  two  counties  and  have  described  their  ol).servations  in  Bulhdins 
05  and  249  and  in  Folios  115.  123.  125.  and  178. 
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lu  the  geologic  section  that  follows,  compiled  from  various  sources, 
the  various  members  that  have  received  names  are  given.  These 
include  practically  all  tlie  coals  and  limestones  but  not  many  of  the 
shales  and  sandstones  that  comprise  the  major  portion  of  the  strati- 
graphic column. 

Although  a number  of  limestones  are  given  in  the  section  and  are 
described  in  the  following  pages,  only  two  are  of  any  particular 
importance — the  Vanport  and  Upper  Freeport.  The  Vanport  is 
especially  valuable  as  it  is  well  adapted  for  use  as  flux,  lime,  cement, 
pulverized  limestone  (ruAv),  and  for  the  construction  of  hard-sur- 
faced roads.  It  will  become  of  increasing  importance  as  transporta- 
tion facilities  are  improved.  The  Upper  Freeport  limestone  is  main- 
ly valuable  for  use  as  a fertilizer,  either  raw  or  burned  to  lime,  and 
as  such  has  long  been  used.  The  other  limestones,  although  utilized 
in  a few  ]>laces,  are  of  little  consequence. 

(jeneyalizcd  (jcohxjic  sectioit  of  Armsfroiif/  and  Clarion  counties. 

Feet. 

Monongahela  group  200  ± 

Ben  wood  limestone 
Sewickley  coal 

ScwicJdei/  (Fishpot)  limestone 
Eedstone  coal 
I’ittsburgh  sandstone 
Pittsburgh  coal 

Coneniaugh  group  650  ± 

Fittslmrgh  limestone 
Connellsville  sandstone 
Morgantown  sandstone 
Ames  limestone 
Bakerstown  coal 
Brush  Creek  coal 
Brush  Creek  limestone 
Saltsburg  sandstone 
Mahoning  sandstone 

Allegheny  formation  300 

Upper  Freeport  coal 
Upper  Freeport  limestone 
Upper  Freeport  sandstone 
Lower  Freport  coal 
Lower  Freeport  limestone 
LoAver  Freeport  sandstone 
Upper  Kittaiming  coal 
Middle  Kittanning  coal 
LoAver  Kittanning  coal 
Kittanning  sandstone 
Vanport  (Ferriferous)  limestone 
Clarion  coal 
Clarion  sandstone 
Craigsville  coal 
Brookville  coal 
Brookville  fire  clay 
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F(‘ct 

Pottsvillc  series  1 4() 

1 leinewood  sandstxme 
^lereer  coals  and  shales 
Mercer  limcstouc 
( 'oinxiuenessing  saiidstoin' 

J'oeono  series  .'Uo-f- 

l>nigo(in  ^Mountain  or  IMg  Injun)  sandslnin* 

Chiyalioga  i iNfeadville ) shales 

Distribution  of  the  Geological  Formations. 

old(*sl  strata  e.xposed  lielong  to  the  I’oeoim  series.  'I'liesc 
are  sandstones  and  shales  and  ran  la*  seen  along  (.’larion  Kiver  east 
of  Clarion,  along  Jledbaidc  Creek  tvest  of  New  rxdhlehein,  and  along 
the  Allegheny  Jliver  between  I’hillipston  and  Tenq)]eton.  Sniin*  of  the 
earlier  workers  believed  that  the  iManch  Chunk  series  was  also 
present  in  the  region  but  it  is  now  believed  to  be  absent  due  t(»  a.n 
erosional  unconformity.  The  Pottsville  strata  conit)osed  mainly  of 
sandstones  but  witli  some  shales  and  a single  Ited  of  imt)nre  lime- 
stone are  exposed  in  almost  all  the  larger  stream  valleys  of  Clarion 
County  and  in  the  major  stream  valleys  of  Armstrong  south  as  far 
as  Mahoning  Creek  with  a small  outlier  along  the  South  Foijc  of 
Pine  Creek  in  the  vicinity  of  Oscar.  The  Allegheny  group  forms 
almost  all  the  njilands  of  Clai-ion  County  and  the  upper  valley  slo[)es 
in  the  northern  part  and  the  valley  bottoms  in  the  southern  ])art  (d’ 
Armstrong  County.  The  Conemangh  cai>s  some  of  the  highest  hills 
in  the  southern  t>art  of  Clarion  County  and  constitutes  the  major 
])ortion  of  the  ui»lands  in  Armstrong  County.  The  IMonongahela 
group  has  a very  limited  development  in  the  uplands  in  the  south 
eastern  ]>art  of  Armstroiig  County  bordering  Indiana,  County. 

Descriptions  of  Individual  Limestones. 

Mercer  Umestones.- — The  lowest  limestone  member  in  these  counties 
is  the  Mercer.  It  has  been  recognized  near  iMct'i’ea  Furnace  in 
Armstrong  County  where  it  consists  of  t!  to  10  feet  of  sandy  limestone 
lying  about  140  feet  below  the  Vau])ort  limestone.  It  is  of  no  value. 

Yanport  li nicMone. — As  in  other  adjoining  counties  the  \'anport  is 
the  most  valuable  limestone  developed  in  Armstrong  and  Clarion 
counties.  In  the  former  it  has  a wide  develo]>me7it  but  less  in  the 
latter. 

The  Vaii])ort  limestone  is  a gray  rock  containing  many  nnii-im* 
fossils,  such  as  brachiopods,  crinoid  stems,  coi'als.  and  mol  Insea. 
In  many  places  it  is  distinctly  separable  into  two  nnmdtei-s.  the 
np]jer,  gnarly  or  shaly  ami  fairly  iTiipma'  with  the  low(‘r.  massively 
bedded,  hard,  and  pure.  The  lowei-  member  is  generally  twice  or 
three  times  as  thick  as  the  up])cr.  The  lower  portion  seddorn  con- 
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tains  less  than  Oa  per  cent  calcinin  carbonate.  The  impurities  are 
almost  equally  divided  between  magnesium  carbonate,  silica,  iron 
oxide,  and  aluminum  oxide.  It  is  an  excellent  stone  for  flux  and  has 
been  both  quarried  and  mined  extensively  for  this  purpose  for  local 
use  and  for  the  Pittsburgh  region  wliere  the  stone  is  accessible  for 
railroad  transportation.  As  it  generally  outcrops  along  steepsided 
valleys  it  is  seldom  ])0ssible  to  obtain  large  (piantities  by  open  quarry 
methods  and  conse(iuently  underground  mining  has  been  necessary. 

The  stone  is  also  well  adapted  for  the  manufacture  of  Portland 
cement  although  at  ])resent  :t  is  not  used  in  these  counties.  Locally 
the  Yan]»ort  is  (piarried  1)3"  the  farmers  to  be  burned  for  agricultural 
lime  or  to  be  pulverized  and  used  in  the  raw  state.  The  better  layers 
almost  invariabl3'  meet  the  s])ecilications  of  the  State  Highwa3"  De- 
partment and  the  stone  is  increasingly  utilized  for  the  construction 
of  good  roads. 

The  Vanport  limestone  is  almost  invariabl3^  overlain  by  an  iron 
ore,  originally  iron  carbonate  but  in  many  places  altered  to  limonite 
or  hematite.  AH  hough  this  is  in  most  places  no  more  than  10  to  11 
inches,  rarely  20  to  21  inches  thick,  it  was  at  one  time  mined  in  many 
places  and  smelted  in  local  furnaces  in  Avhich  the  limestone  was 
iise<l  for  Ilux.  The  presence  of  this  ore  in  association  with  the  lime- 
stone Avas  responsible  for  the  old  name.  Ferriferous  limestone. 

The  \bnii)ort  varies  in  tliickness  considerabl}".  For  miles  it  may 
be  regular  and  then  suddenh"  deci-ease  or  entireh'  disappear  Avith- 
iii  a veiy  short  distance.  This  cliange  has  Iuhoi  attrilnited  to  original 
dil'l'ereuc('s  in  (hq)osition,  to  subscnpient  removal  before  the  over- 
Iving  beds  Aveia*  deposited,  or  to  underground  solution  at  a later 
period.  The  iirc'valent  vicAV  seems  to  be  tlie  tii'St  but  probably  the 
olliei’  ex])lanations  ar<^  also  correct  for  some  localities. 

^’’anport  limestone  of  Armstrong  CountA". 

The  Vani)0)  t limestone  is  (‘xtensivelA’  developed  in  the  northern  part 
of  Armstrong  Count3u  It  jeresents  the  best  exposures  along  the  Alle- 
gheii3"  Eiver  from  Foxburg  to  Kittanning  and  extending  up  the 
valle3"s  of  the  tributary  streams  from  1 to  1 miles.  It  also  outcrops 
on  the  Avest  side  of  the  Allegheny  in  the  valley  of  Buffalo  Creek  in 
the  vicinit3^  of  Buffalo  Mills  and  West  Winfield,  and  on  the  east  side 
of  the  river  in  the  valle3"s  of  Redbank  and  Mahoning  Creeks  to  the 
eastern  boiindaries  of  the  county,  and  is  exposed  along  Scrubgrass 
Creek  southeast  of  Gaheenville,  along  the  Korth  Fork  of  Pine  Ci’eek 
in  the  vicinity  of  SlabtoAvn,  along  the  south  fork  of  Pine  Creek  from 
Pine  Furnace  to  Echo,  along  CoAA-anshannock  Creek  in  the  vicinity 
of  Stone  Ilouse  and  Greendale,  at  tAvo  points  along  Crooked  Creek 
near  Girty,  and  possibly  along  Kiskiminitas  River  a short  distance 
southeast  of  Cherry  Lane  although  it  is  probable  that  the  ledge  term- 
ed Vanport  is  actually  Freeport. 
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In  the  sunmier  of  1919  tlie  wi-itcr  and  A.  II.  Ficlz  col IcettMl  inncli 
information  concerning  flic  A'an]»oid  limestone  for  the  >State  Hioli- 
way  De[>artment  and  the  following  locality  descriptions  are  based 
on  this  work. 

The  Ahinport  limestone  ontcrojts  near  the  top  of  the  Alh'gheny 
Kiver  bluffs  in  the  extreme  northwestern  part  of  the  comity  to  a 
point  opposite  Foxhnrg.  It  is  practically  continnons  and  averages 
about  10  feet  in  thickness. 

Jletween  East  llrad^'  and  Kajdor,  the  I'ittshnrgh  Limestone  Co. 
has  quarried  the  A’anport  limestone  along  Sugar  Creek  and  Cove 
Knu  for  Ilux.  The  limestone  removed  ranges  from  11^-  to  13,1 
feet.  A somewhat  gnarly  linu'stone  about  3 feet  thick  is  left  as  the 
roof.  Above  this  is  aliout  0 inches  of  ;ron  ore  overlain  by  Idack  shale. 
In  1917  the  comjiany  was  producing  from  3.300  to  4000  tons  of  stone 
per  day.  Osgood  steam  shovids  were  used  in  part  although  most  of 
the  stone  was  shoveled  by  hand. 

Along  Iluling  Kun  the  A'anport  outcrops  almost  to  Sterrett  but 
has  been  (piarrinl  only  to  a slight  extent.  It  is  about  20  feet  thick. 

Up  the  hill  from  Eimerton  the  Ahinport  has  been  quarried  along 
the  outcro[»  for  aliont  a quarter  of  a mile  for  agricultural  lime.  It 
is  about  S feet  thick  and  of  good  quality. 

Along  Ilutlalo  Ci-eek  Tlnn-e  are  many  openings.  At  Xichola  the 
I bin.xsutaw  iiey  Iron  ( 'o.  formerly  worked  a ({iiarry  f(»r  flax.  South  <d' 
Huffalo  mills  for  a distance  of  about  2 miles  the  rittsburgh  Liim*- 
stone  Co.  has  operated  a s(‘ries  of  niiires  to  obtain  tlux.  The  lime- 
stone is  from  1.")  to  IS  feet  thick. 

In  the  vicinity  of  AVest  AAdnfield,  there  are  several  limestone  mines 
worked  by  the  Uittsburgh  Sand  Co.,  the  Pennsylvania  Clay  Products 
Co.,  and  the  AAdirtield  Sand  Co.  for  flux.  The  limestone  is  about  20 
feet  thidv.  The  iron  ore  above  the  limestone  was  formerly  mined  here 
and  smelted  nearby. 

O])posite  Kittanning  the  A^anjiort  is  about  10  feet  thick  and  of 
good  qualitw  It  has  been  quarried  to  a limited  extent. 

The  Ahrnport  is  widl  developed  along  Pedbank  Creek.  Xhair  its 
mouth  the  outcrops  are  about  200  feet  above  the  stream  but  descend 
almost  to  the  streanr  level  near  Xew  I’ethlehem.  In  tin*  vicinity  of 
Sonth  I’ethlehem  it  is  about  0 feet  thick  and  has  Ikhui  (piarried  foi' 
lime  in  several  places. 

The  valley  of  Alahoning  Creek  eontains  the  most  favorable  locali- 
ties within  Ai-mstrong  County  for  (piarrying  tlu*  Ahiiqtort  limestomv 
It  outcrops  continuously  ou  both  sides  of  the  main  \ alh*y  and  along 
the  tributary  valleys.  It  is  well  e.xposed  in  numerous  ]dae(*s  a- 
long  the  I’ittsburgh  and  Shawmut  P.  P.  near  Pntney\'ille,  where  it 
averages  about  G feet  in  thickness.  X^umerous  quarri(‘s  have  Ijeen 
opened  to  obtain  stone  for  agricultural  lime  and  in  the  past  for  flux 
for  local  blast  furnaces. 
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About  1 mile  northeast  of  Grays  Eddy  a number  of  farmers  have 
((uarried  the  limestone  for  local  use.  It  is  about  8 feet  thick. 

The  Templeton  Limestone  Co.  has  mined  the  Vanport  limestone  for 
open  hearth  furnace  Ilux  about  1 mile  south  of  Templeton.  The  open- 
ing is  about  30  feet  above  the  railroad  tracks.  The  stone  removed 
ranges  from  7 to  8 feet  and  al>out  1 foot  of  less  pure  gnarly  stone  is 
left  as  a supporting  roof.  Iron  ore  with  a thickness  of  about  1 foot 
overlies  tlie  limestoiie.  The  entries  and  rooms  are  25  feet  wide  and 
timbering  is  not  rc(|uired  excc'pt  in  a few  places  where  the  roof  lime- 
stone falls.  The  r(»ck  is  'crushed  and  sized  in  a revolving  screen  to 
14  inch,  1]  inches,  and  2~}  inches.  The  linest  is  sold  for  farm  use  and 
the  balance  for  flux. 

East  and  southeast  of  Putneyville  are  a number  of  small  quarries 
worked  for  local  farm  use.  One  mile  east  of  McCrea’s  Furnace,  J. 
W.  Best  has  a large  quarry  where  the  Vanport  is  7 feet  thick. 

Near  Slabtown  the  Vaupoid  is  ex])osed  close  to  the  level  of  the 
water  in  North  Fork  of  Pine  creek  where  it  has  been  (juarried  on 
!)oth  sides  of  the  stream.  It  is  about  10  feet  thick  and  is  massively 
bedded  and  of  good  quality. 

Although  the  Vanport  outci-ops  for  about  5 miles  along  the  South 
Fork  of  Pine  Creek  it  has  been  (piarried  in  f(‘w  i>laces.  At  Pine  Fur- 
nace it  is  ((uarried  and  pulverized  for  farm  use.  It  is  about  7 feet 
Ihick,  the  lower  51  feet  massive  and  of  good  (piality. 

In  the  vicinity  of  Stone  House  along  Cowanshannock  Creek  the 
Vanport  is  about  8 feet  thick.  When  visited  plans  were  being  formed 
to  open  a (]uarry  to  obtain  stone  to  l>e  pulverized  for  agricultural 
use. 

Vanpoid  limestone  of  Clarion  County. 

The  Vanport  limestone  is  exposed  in  the  valley  of  almost  every 
stream  south  of  a line  passing  through  Henderson,  jMechanicsville, 
Shaml)urg,  Canoe  Ki])ple,  and  New  Salem.  It  is  not  quite  continuous 
:ilthough  nearly  so.  In  the  west(‘rn  ]>art  of  the  area  near  the  Alle- 
gheny  Eiv(‘r  and  the  lower  ])art  of  the  ('larion  Biver  it  is  from  10  to 
20  feet  thick,  elsewhere  it  avei-ages  from  G to  8 f(“et. 

I'l/pira]  section  of  Vanport  Ihncstone. 

Ft. 

Overlying  iron  or(‘ 

Tliin  bedded  linu'stom*  . . . 2 

Slialy  limestone  0 

Tliick  bedded  limestom*  I 

Tnnlerlying  clay  and  coaly  shale 


in. 

*> 
r ) 

0 
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Detailed  information  is  Avanting  eoiieerning  the  ([iiarries  Imt  tliere 
are  many  places  Avliere  it  has  been  utilized  for  the  soils,  for  flnx;  when 
the  local  iron  ores  Avere  mined  and  smelted  in  the  region,  and  in  re- 
cent yc^ars  for  macadamized  roads. 

Lower  Freeport  limeatonc. — The  loAA’er  Freeport  limestone  is  of 
no  A’alne  in  these  counties.  It  has  been  recognized  on  .Myers  Hill, 
about  3 miles  southeast  of  Sligo,  and  on  S([uirrel  Hill  in  Porter  Toavu- 
ship,  Clarion  County.  In  Armstrong  County  it  has  been  described 
as  occurring  north  of  Garrett  Run  AAiicre  it  is  deA’eloped  as  a ferru 
ginous  limestone  about  ‘1  feet  thick.  ElseAA'here  it  is  ]irobably  absent. 

Upper  Freeport  Umestoiie. — The  U]»per  Freeport  limestone,  al- 
thoAigh  less  ]»ersistent  than  the  Vanport,  is  deA'eloped  rather  exten- 
siA^ely  throughout  Armstrong  and  Ihe  southern  part  of  Clarion 
County.  It  is  a doAe-colored  or  buff  compact  limestone  that  breaks 
Avith  a prominent  conchoidal  fracture  and  conlains  no  m:uvine  fossils. 
A fcAv  minute  supposedly  fresh  AA'ater  molluscan  shells,  have  been 
found  in  a fcAv  localities.  This  limestone  has  b(*en  cpiarried  in 
scores  of  places  for  agricultuiail  lime  and  for  jnilA’crizing  for  Aist* 
in  its  raAv  state  as  a soil  fertilizer.  Locally  it  Avas  at  one  time  used 
for  flux.  A small  (piantity  has  been  used  in  higliAvay  construction 
although  most  of  it  is  too  soft  for  this  use. 

I'pper  Fi-e(*]>oi‘t  limestone  of  Annstrong  (.'ounly. 

In  the  study  of  Armstrong  County  limestone  suitable  for  highway 
[)urposes  made  by  the  Avriter  and  A.  II.  Fretz  considerable  detailed 
information  aauas  collected  regarding  the  Fpj)er  Freeport  limestone 
upon  Avhich  the  folloAving  brief  descriptions  are  based. 

The  upper  Freeport  limestone  e>ccurs  in  the  northwestern  [>art  of 
Armstrong  County  high  in  the  stream  bluffs  but  is  of  little  valmv 
It  has  been  quarried  for  lime  east  of  Sheia-ett.  In  the  lUiffalo  Crec'k 
basin  it  is  not  continuous  and  is  of  little  imporlance.  Along  Glade 
Run  it  is  fairly  continuous  and  has  been  (piarried  in  several  ]ilaces 
to  be  burned  for  lime  tor  local  farm  use'.  In  tlie  e*x1renie  soulliAA'est 
corner  of  East  Franklin  ToAvnshi])  Iavo  (juarries  exjiose  I to  5 fetd 
of  fair  stomc  One  mile  east  along  Glade  Run  the  Up]»er  Free])ort 
has  been  (puu-ried  for  many  years.  It  is  there  b feet  thick. 

In  the  A'icinity  of  Ford  City  the  Tlp])cr  hh'ee])Ort  limestone  has 
been  more  mxtensivedy  (juarried  than  in  any  other  part  of  the  region. 
On  the  AA'C'st  side*  of  tlu^  river,  almost  op])Ositc‘  Ford  City,  a (piarry 
was  long  AA-oi-ked  for  flux  for  shiinnent  to  Pittsburgh.  The  ledge  is 
said  to  1k“  is  feed  thick  but  only  5 feet  are  iioaa'  (*xposed. 

Half  a mile  northeast  of  Ford  City  the  U])per  Free])ort  Avas  form 
erly  burned  for  Ilux  luit  in  recent  years  has  been  us(>d  as  ))nlv(>i-ized 
stone.  The  section  exposed  is  as  folloAvs; 
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Section  oj  I p/jcr  Freeport  limestone  near  Ford  <di1i/. 


Ft.  in. 

Kill-face  soil  4-.“)  () 

Toji  limestone,  tliin  lii'ilded  o 0 

SI  1 ale  1 0 

Siliceous  limestone,  massive  2 0 

nine  conijiact  massive*  limestone  3-1  0 

Dial)  shale  2 0 

Inegnlar  liniestom*  bieakinj*’  into  i-oimded  hoiilders 

( nigi;(‘i-  liead ) 3 tl 

Sliah*  0 () 

He  avy  compact  liim*s1one  (<  Hass  rock  ) 2i-3  0 

Sliale  0 t) 

l»e)tte)m  limestone,  irre-gnlar  3-1  0 


U})  tlie  strimm  for  half  a mile  abeive  this  quarry  the  same  limestone 
lias  been  qnarrie‘d  in  several  places  for  open  heaj)  burning  for  local 
farm  nse. 

At  Garrett  Knn  the  Upper  Freeport  limestone  has  been  quarried 
for  lime.  The  product  is  sold  as  hyelrated  lime  for  fertilizing  pur- 
poses. The  section  is  as  follows; 

Seelion  of  Upper  Freeport  limestone  at  Garrett  Ran. 

Ft.  in. 


Sandstom*  and  slra l(* 12  0 

Upper  Freejiort  Coal  3-1  0 

White  clav  3 G 

Shale  4 G 

Limestoiu'  2 0 

Shale  b G 

Limestom*  0 10 

Black  shale 3 0 

Thick  bedded  limestone  8 0 

Shale  ? 


In  the  north  part  of  Armstrong  County  east  of  the  Allegheny  River 
the  Upper  Freeport  is  lacking  in  many  places  Imt  near  the  tops  of  the 
hills  it  is  frequently  observed.  It  generally  is  2 to  6 feet  thick  and  is 
locally  quarried.  Tlie  most  extensive  quarry  is  about  2J4  miles  south- 
east of  Belknap  where  a great  deal  of  stone  has  been  obtained  by  the 
farmers  in  the  vicinity.  The  thickm*ss  exposed  is  about  14  feet  in- 
cluding aliont  4 feet  of  interbedded  shale. 

Dn  tin*  sonlh  side  of  ( 'owanshannock  Creek  about  of/2  miles  east 
of  Kittanning  there  are  several  ipiari-ii'S  exqiosing  about  12  feet  of 
liimvstone  and  interbedded  shale. 

One  mih*  south  of  Oscar  a large  amount  of  Lqiper  Freejiort  lime- 
stone lias  been  (piarried  and  hauled  by  the  farmers  to  their  farms 
for  burning  for  agricultural  lime.  The  section  exposed  is  as  follows: 


‘>-1  o 
• -»  1 1> 

Scrtlnii  (if  I jijicr  I'rrciKirl  If m<  shun'  / milr  south  of  Itsciir. 


I’'t.  in. 

Soil  jiiul  saiidsloiic  .’I  <> 

('lay  cftiilaiiiiiiji'  (l-iiiHi  coal  statin  5 d 

Liiiu'stom'  - () 

Sint  It*  0 (i 

Liint'sToin*  1 0 

Slnilt*  :i  0 

laiiicsToiic  - (I 

Kife  fitly 0 4 

Liint*st()iit*  ( i*xi)ost*il ) o 0 


One  mile  south  of  ( ri-eentlalt*  simihir  limestoni*  has  lone,'  been 
iiuarried  for  the  same  puritose. 

Freeport  liinestont*  of  ('larion  (’onnTy. 

In  Clarion  County  the  Up]ttr  Fret*port  is  present  only  in  the 
southern  quarter  of  the  county  where  it  is  found  near  the  to]is  of  a 
few  ttf  the  highest  elevations.  It  has  Itet'ii  delinitely  ri'coyuized  1! 
miles  stnithwt'st  of  Lijui'stoni*  netir  tin*  to])  of  a KihOd'oot  hill,  on 
Squirrel  Hill  and  iMyers  Hill,  in  the  vicinity  of  iXeAV  Athens  and 
Santly  Httllow  anti  thence  northwestwartl  tt)  C'onctird  Church.  Tt  has 
been  quarried  to  a slight  extent  in  a few  places. 

Limestones  of  the  Coiirnia Hfih  t/ro///>. — Of  the  limestones  of  the 
(.'onemaugh  grouit  tlevelojied  in  tlte  rt*gion  then*  is  litth*  to  bt* 
said  as  they  are  very  local,  thin,  anti  generttlly  decitleiy  impure.  Tn 
a very  few  ]tlaces  a thin  limestone  associtttetl  with  the  Hrush  C'reek 
coal  is  thought  tt>  bt*  tht*  llriish  t'ri*ek  limt*stone.  It  is  ttf  no  value. 
The  Ames  limesttuu*  Inis  bi*en  delinitely  recognized  netir  the  tojis  of 
three  hills  in  Xorth  Buflalo  Townshi]>.  Armstrong  ('ounty.  On  the 
farm  of  J.  iM.  Eeti.  1 miles  northwest  of  !41ate  Lick  it  is  expost*d 
as  a greenish  gray  rock  containing  abuinlant  crinoitl  stems  anti  other 
fossils.  It  is  2 to  o feet  thick.  Simihir  exposures  Avere  st*en  fyf 
miles  to  the  east  and  1 mile  northeast  of  Sistersville.  So  ftir  as 
kntiAvn  it  has  never  been  tpnirried.  A someAvhat  simihir  liinestont* 
about  1 fotit  thick  has  been  oliserved  east  of  tin*  Allegheny  River  in 
Armstrong  C'ounty  Avhich  ])t*rhaps  shoulil  be  corrt*latt*tl  Avith  the  Amt>s. 

In  the  vicinity  of  01ivt*f,  in  the  southeastern  part  tif  Armstrong 
County,  the  Pittsburgh  limestone  is  di*veloped  as  a fairly  pure,  conn 
pact,  mtiderafely  heavy  bedded  and  brittle  limestone  about  .■>  ft*(*t 
thick.  It  Avas  formerly  quarrit*tl  ftir  lime  in  a ft*Av  ] daces. 

Limestones  of  the  M ononj/ahehi  (jronii. — Tht*  Hem\-ootl  liin(*stoni*  is 
developed  in  the  area  untlerlain  by  the  iMontnigahela  strata  on  Elders 
Ridge  in  the  southeastern  ]iortion  of  Armstrong  County  anti  the 
soutliAvestern  part  of  Iinliana  County.  St>  far  as  knoAvn  all  of  tin* 
Bemvood  limestone  iiresent  is  in  Indiana  CountA-  Avhere  tht*re  is  a 
thickness  of  about  25  feet  of  interbeddetl  limestones  and  shah*s.  The 
limestone  has  been  quarrietl  and  burned  for  lime. 


314 


A)H(1i/scs  of  Cnrhoniferous  Uiite.sto)ies. 


Nos.  1-14,  Armstrong  County;  15-21,  Clarion  County. 


1 

2a 

21> 

2c 

3 

4 

5 

CaCO..!  

84.857 

36. 4. 5.3 

93.214 

98.571 

SS.SIO 

94.928 

94.642 

MgCOa  

1.868 

1.-145 

2.065 

1..324 

1.513 

1.210 

1.574 

AldJ.i-t-FCL'Oa  

2.568 

.ycd 

1.340 

1.207 

2.557 

1.246 

1.182 

SiOe  

S.520 

.8.30 

2.200 

3.170 

5.030 

1.920 

1.8.50 

P 

.024 

.007 

.0(14 

.029 

.ftll 

.018 

.012 

6a 

6b 

Go 

7 

8 

9 

10 

11 

12 

CaCOs  

89.303 

82.589 

80.8,57 

53.750 

64.160 

96.007 

94.721 

95 . 567 

91.185 

MgCO.-!  

1.900 

5.761 

2.898 

9.989 

1.838 

1.498 

1.044 

1.422 

1.483 

I•.03^-Fe?03  

2.002 

3.367 

1.860 

7.730 

7.450 

1.462 

1..383 

.930 

2.089 

SiOe  

4.830 

7.310 

4.,5’;0 

23.810 

22.280 

.790 

2.300 

2.110 

2.100 

P 

.021 

.003 

.017 

.131 

.305 

.034 

.047 

.035 

.031 

1.  Fi-pepoit  Upper  limestone.  From  AV.  K.  Hamilton’s  land  near  the  coal  mine,  li  miles 

north  from  I’ntneyville.  Fine  grained,  tough;  dark  gray.  (iI3.  p.  83). 

2.  Freeport  Upper  limestone.  Mehaffey  & McGill’s  quan-y,  Armstrong  County.  Quarry  is 

i mile  east  from  Logansport.  (a)  Top  layer  is  fine-grained  and  brittle;  dark  pearl 
gray.  (b)  Second  layer  is  fine  grained;  tough;  dark  pearl  gray.  (c)  Bottom  layer  is 
%au-y  compact  and  fine-grained ; hard  and  tough ; liglit  pearl  gray  with  couchoidal  frac- 
ture (M3,  p.  83). 

3.  Freeport  Upper  limestone.  .Tohn  Reefer’s  quarry,  Armstrong  County,  3 miles  southwest  of 

Kuial  Village.  Fine  grained;  tongli ; mottled  witli  caicite;  dark  gray:  fracture  eon- 
choidal.  (M3,  p.  84). 

4.  Freeport  Upper  limestone.  AVm.  Marshall’s  quarry,  1 mile  east  of  Dayton.  Fine 

grained ; tough ; mottled  with  caicite ; dark  gray. 

5.  Freeport  Upper  limestone.  S.  Monroe's  quarry,  Armstrong  County,  2 miles  southwest  of 

Slate  Lick.  Fine  grained;  tough;  dark  pearl  gray.  (M3,  p.  84). 

(I.  Freeport  Upper  limestone.  A.  ,T.  Dull  & Co.,  Armstrong  County.  Quarries  In  the  ravine 
of  P’ort  Run,  near  Manorville.  (a)  upper  layer  very  compact  and  fine  grained;  dark 
pearl  gray,  wdlh  conchoidal  fracture.  (b)  Second  layer  is  line-grained;  hard  and  tough; 
somewhat  argillaceous ; dark  pearl  gray,  with  conchoidal  fracture,  small  crystals  of 
pyrite  throughout  the  specimen.  (c)  Third  layer  is  very  compact  and  fine-grained; 
slightly  mottled  with  caicite;  pearl  gray,  with  conchoidal  fracture.  (M3,  p.  84). 

7.  Johnstown  cement.  M.  Davis’  limestone,  Armstrong  County,  one-half  mile  southeast  of 

Cochran’s  mills.  Outcrop  specimen.  Rather  coarse  grained ; exceedingly  hard  and 

tough;  bluish  gray.  (M3,  p.  85). 

8.  Johnstown  cement.  George  S.  Putney’s  limestone  at  Putneyville,  Armstrong  County. 

Rather  coarsegrained;  hard  and  tough;  bluish  gray;  irregularly  stained  with  carbon- 
aceous matter.  (M3,  p 85). 

0.  Ahanport  limestone.  Stewardson  furnace  limestone,  Armstrong  County,  one  mile  east  of 

month  of  Mahoning  Creek,  in  Kladisou  township.  F.  B.  and  A.  Laughlin.  Fine 

grained:  full  of  fossil  casts;  pearl  gray;  with  conchoidal  fracture.  (M3,  pp.  85-80. 

10.  Vanport  limestone.  J.  A.  Colwell’s  quarry,  Armstrong  County,  i mile  northwest  from 

Mahoning  furnace.  Rather  compact  and  fine-grained ; full  of  fossil  casts ; bluish  gray ; 
with  conchoidal  fracture.  (M3,  pp.  85-86). 

11.  Vanport  limestone.  Boss  Reynolds’  limestone,  Armstrong  County,  one-half  mile  north 

from  Kittanning.  Finc-gi'ained,  fossiliferous ; mottled  with  caicite;  i-ather  tough; 
light  pearl  gray.  (M3,  pp.  85-80). 

12.  Vanport  limestone.  P.  George,  2 miles  west  from  South  Bend.  Armstrong  County.  Fine 

grained;  fossiliferous;  mottled  with  caicite;  dark  gray.  (M3,  p.  86). 
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1.*^.  Vanport  limestone.  1*.  Gralf,  near  Buffalo  Mills.  Armstrong  County.  Fine  grained ; 

ludttle:  more  or  less  stained  with  ferric  oxide:  fracture  rough  somewhat  conchoidal  ; 
color,  dark  gray.  (M3,  p.  SO). 

14.  Vaniiort  limestone.  J.  C.  Rhea,  one  mile  west  of  Greendale.  Armstrong  County.  Rather 

coarse  grained:  fossiliferoiis ; brittle:  bluish  gray.  (M3,  p.  80). 

15.  Freeport  Upper  limestone.  At  New  Athens,  Madison  township.  Clarion  County.  Rather 

line-grained:  mottled  and  seamed  with  ealcite : dark  gray.  (M3,  )»p.  SG-8T). 

10.  Freeport  Upper  limestone.  Reichert's  (luarry.  Perry  township.  Clarion  County.  Rather 

line-grained : mottled  with  ealcite:  dark  pearl  gray.  (M3,  pp.  80-87). 

17.  Freeport  Lower  limestone.  3 miles  northeast  from  Reimersburg,  Toljy  township,  Clarion 
County.  Exceedingly  hard  and  tough:  mottled  and  stained  with  ferric  oxide;  color, 
generally  bluish  gray.  (M3,  pp.  80-87). 

IS.  Vanport  limestone.  Un  Long  Run,  Porter  township.  Clarion  County.  P>ed  live  feet  to 
six  feet  tliick.  with  nine  inches  carbonate  ore  overlying.  Brittle;  more  or  less  stained 
with  ferric  o.vide : generally  pearl  gray.  (M3,  p.  87). 

10.  Vanport  limestone.  Hindman’s  quarry,  Clarion  t*)wnshiii,  Clarion  County.  Fine  grained; 
mottled  with  ealcite:  rather  brittle;  bluish  gray.  (M3,  p.  87). 

20.  Vanport  limestone.  Sligo  furnace,  Piney  township,  Clarion  County.  Fine-grained:  rather 

tough,  stained  with  ferric  oxide:  light  bluish  gray.  (M3,  p.  87). 

21.  I’anport  limestone.  Barger  quarry,  i'erry  township,  (Narion  County.  Ratiier  coarse- 

grained; mottled  with  ealcite;  bluish  gray.  (M3,  p.  87). 


INDIANA  AND  CAMBRIA  COUNTIES. 

Indiana  and  (’ainliria  countins  do  not  contjun  mneh  limestone  al- 
though  a few  of  the  linn’slones  named  in  the  straf igrapiiie  eolnmn 
given  l)elow  are  loeally  W(‘ll  developed  and  eeonomieally  are  of  eon- 
sideral)le  importanee.  Tlie  major  portion  of  tin*  strata  ex])os(Ml  a I 
(lie  surface  eons'sts  of  sliaies. 

Tlie  Second  Geological  Survey  of  I'ennsylvania  lirst  studied  tlie 
geology  of  tliese  counties  in  detail  and  in  Reports  IIII  and  IIILIIII 
there  are  many  local  deseri]>tions  of  the  linn*stones  of  these  counties. 
Tlie  U.  S.  Geological  Surxey  lias  re  impiped  llie  largi'r  jiortion  of  tin* 
region  and  lias  pnldislied  niajis  and  deseripfons  in  Folios  103.  110, 
133,  133,  171,  and  18!)  and  in  I’niletins  0.5  and  311). 

(rciicidl  (/rijloific  srcliaii  of  liHl'niia  aiid  (dtmhrio  cuinitics. 


Pennsylvanian.  Feel 

IMonongahela  gi-onp  300  — 


Itni  irood  li iiicsfonc 
Sewickley  coal 
Redstone  coal 
Pittsburg li  sandstoiu' 

Pittslmrgh  coal 

Gonemangh  gronj)  700± 

I iiiic.stoiic 

Connellsville  sandstone 
Morgantown  sands1om> 

Elk  Lick  coal 

Elk  Lick  Hinesto)ie 

Allies  (Criiioidal J liiuestoiie 

Saltsbnrg  sandstone 

Gallitzin  coal 

Mahoning  sandstone 
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Feet 
300  ± 


Alleglien.y  group  

Upper  Freeport  coal 
Upper  Freeport  Umestoiic 
I’olivai'  tire  clay 
IJutler  sandstone 
Lower  Freeport  coal 
Lower  Freeport  limestone 
Li])])er  Kittanning  coal 
■t ohnstown  (Ceme)it)  Ume:-itone 
Middle  Kittanning  coal 
Lower  Kittanning  coal 
\'<inport  (Ferriferous)  limestone 
Ularion  coal 
(Marion  sandstone 
Lrookville  coal 

Uottsville  series  130^: 

1 lomewood  sandstone 
Mercer  coal 
iMercer  shale 

< 'omapnuiessing  sandsi one 


Mississi])])ian 

Manch  Chunk  series 200± 

I'ocono  series  1100 


Loj/dlhinin  a 1 im  es  to  n e 
I lurgoon  sandstoiK' 

I’atton  sliale 

1 )(‘vonian 

Catskill  group  400 ± 

Distribution  of  the  Geological  Formations. 

The  lowest  strata  in  Indiana  and  Cambria  counties  l)elong  to  the 
Catskill  gi'oup  and  ai-e  ex]iosed  along  the  Coneinaugh  River  just 
soutlu'ast  of  the  junction  of  Ind'ana,  Cainlu-ia  and  Westmoreland 
couiiti(*s.  The  I’ocono,  Manch  C'huidc  and  Pottsville  series  are  ex- 
]toscd  along  the  eastern  jiortions  of  Caml)ria  ('ounty  and  in  small 
areas,  where  the  nortlnuist  trending  anticlines,  Chestnut  Ridge  in 
particular,  have  been  cut  by  the  large  streams.  The  Allegheny  is 
sonnnvhat  more  widesprc'ad  in  tin*  same  ai-eas  and  in  addition  is  jire- 
sent  in  most  of  the  major  stream  valleys  of  the  counties.  The  Cone- 
maugh  strata  form  the  surface  rocks  of  nearly  all  the  uplands  and 
the  iMonongahela  beds  ca]>  the  to]>s  of  only  a few  hills  in  the  extreme 
W(‘s1ern  and  southern  parts  of  Indiana  County. 

Descriptions  of  Individual  Limestones. 

Loyalhunna  (Siliceous)  limesto)ie. — The  following  descriptions  of 
the  only  occurrences  of  this  limestone  are  abstracted  from  Folio 
174  f)f  the  Lf.  S.  Geological  Survey: 
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‘‘The  LoVcilhaiina  limestone  member  is  exposed  in  three  places  in 
these  counties,  all  in  the  valley  of  Conemangh  and  Little  Conemangh 
rivers  and  all  associated  vdth  strnctnral  nplifts.  The  easternmost 
exposure  is  at  the  viaduct  betcve(m  South  Fork  and  ^Mineral  l*oint; 
here,  though  the  base  was  not  determined  Av'th  certainty,  at  least 
43  to  do  feet  id'  limestone  is  exj)osed.  From  this  place  it  may  be 
traced  westward  to  iMimu-al  Point.  Tlie  next  exjiosnre  downstream 
is  at  the  l)eginning  of  the  long,  straight  nortlnvestAvard  stretch  of 
tlie  river  in  the  sontlnvestern  ]>art  of  ( 'aiubria  County,  and  the  third 
is  near  the  month  of  F'ndhw  Knn  in  the  southeastern  corner  of 
Indiana  County. 

“This  member  of  the  Pocono  is  sharply  differentiated  from  the 
underlying  members  of  the  Pocono  and  from  the  overlying  IMaucli 
Chunk  sliale  by  its  ]»eculiar  lithologic  characteristics.  It  consists 
of  layers  in  cvli'ch  silica  predominates  alternating  Avith  those  in 
which  calcareous  matei'ial  is  in  excess.  The  calcareous  jiart  Aveathers 
more  rajddly  and  leaves  the  siliceous  layers  in  relief.  This  unequal 
Aveathering  in  conjunction  Avith  the  cross-bedded  character  of  the 
rock  gives  ;t  a highly  distinclivt'  appearance.  Avhich  is  Avell  brought 
out  in  the  exposure  near  Mineral  Point.  At  one  place  near  the  mouth 
of  Findley  Pun  the  Loyalhaiina  limestone  is  se]>arated  into  tAvo  parts 
by  a thin  layer  of  i-ed  shale  near  its  middle.  The  member  is  often 
referiaul  to  as  the  “Siliceous"’  limestone,  but  it  is  more  a])pro])riate 
to  regard  it  as  a calcareous  sandstone,  as  the  siliceous  portion  is  far 
in  excess  of  tin'  calcareous.  In  defenmce  to  general  usage.  hoAvever, 
it  Avill  l)e  called  a limestone.  The  name  Loyalhanna  is  derived  from 
the  exposuiH"  of  tlu'  member  along  the  gorge  in  Avhich  Loyalhanna 
Creek  floAvs  across  Chestnut  Pidge  in  Westmoreland  County.  In 
the  reports  of  the  S(‘cond  Geological  Survey  of  Pennsylvania  it  Avas 
regarded  as  ]>art  of  the  overlying  Mauch  Chunk,  but  it  nuwges  grad- 
ually into  llu'  und(‘rlying  Pui'goon  s.andstone  member  and  is  iioaa'  re- 
garded as  forming  the  to])  of  tlu‘  Pocono  formation. 

“This  siliceous  limestone  is  (piarried  and  split  into  jiaving  blocks, 
which  giv('  satisfaction.  The  crushed  material  is  also  used  for  bal- 
last in  railroad  Inals.  For  both  uses  it  is  Avell  adapPnl,  as  the  cal- 
careous ])ortio]i  of  the  rock  on  solution  and  recrystall’zation  tends 
to  bind  the  fragments  solidly  together  and  yet  leaves  sufficient  s]>ace 
belAveen  them  to  alloAv  the  free  circulation  of  Avater. 

“The  siliceous  limestone  ex])osed  iiear  the  viaduct  InfiAveen  Mineral 
Point  and  South  Foi'k  has  also  been  ([uari-ied  foi-  pa\'ing  bloctis.” 

T aiiport  limc.-:t(.nic. — So  far  as  knoAvn  the  N'anport  limestone  has 
been  observed  at  only  two  places  in  Indiana  County  and  noAvhere  in 
Cambria  County.  One  locality  is  Avhert'  YelloAv  < "reek  cuts  through 
Chestnut  Pidge  a few  miles  southeast  of  Indiana.  Fragments  of  liim*- 
stone  have  been  notc'd  there.  The  otln*r  locality  is  described  liy  Platt'- 
as  tolloAvs ; 

“The  Ferriferous  Limestone  is  (piarric-d  on  the  pro})erty  of  Mr. 
Isaac  Simpson  one  half  mile  south  of  Pichmond.  It  is  of  a very  dark 
color,  very  rich  in  carbonate  of  lime  and  highly  fossilifei'Ous.  Its 
thickness  here  has  not  yet  been  definitely  asceidaineil.  but  four 

Second  Geo).  Survey,  Rept.  H 4.  (p.  2&1). 
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feet  of  excellent  stone  in  one  solid  band  have  already  been  exposed. 
Tlie  deposit  is  overlaid  by  a thick  stratum  of  dark  fire  clay  shale.  A 
specimen  of  the  rock  from  Mr.  Simpson’s  quarry  was  analyzed  by 
Mr.  McCrealh  witli  the  following  results: 


92.857 

1.589 

2.030 

.187 

.035 

2.090 


“The  same  limestone  occurs  still  further  south,  on  the  property 
of  Mr.  Jeffries,  its  outcrop  also  ranging  through  the  Helds  to  the  east 
of  Mr.  Sim]ison’s  house.” 

In  addition  to  these  exposures,  it  has  been  noted  in  some  borings 
but  in  most  places  it  is  unquestionably  absent. 

Joknstoivn  (Cement)  limestone. — The  Johnstown  limestone,  form- 
(‘rly  known  as  the  Johnstown  cement  bed,  is  particularly  developed 
in  the  vicinity  of  -Johnstown  where  it  was  at  one  time  used  in  the 
manufacture  of  cement.  Tt  is  described  in  the  -JohnstoAvn  Folio 
(No.  174)  of  the  U.  S.  Geol.  Survey  as  follorvs: 

“The  limestone  occuring  below  the  Up]>er  Kittanning  or  “cement” 
coal  is  commonly  knmvn  as  the  “-Tohnstown  cement  bed.”  Tt  is  best 
developed  along  Stony  Creek  and  may  be  seen  to  advantage  on  the 
Baltimore  and  Ohio  Railroad  north  of  Kring  station.  It  is  here 
(1  feet  thick  and  is  separated  from  the  coal  by  about  8 to  12  inches 
of  shale.  Along  the  s]»ur  track  leading  from  the  north  end  of  the 
Baltimore  and  Ohio  tunnel  to  the  mine  of  the  Valley  Coal  and  Stone 
Company  it  is  also  conspicuous,  but  slightly  thinner.  The  bed  is 
nearly  .3^  feet  thick  near  Conemaugh  station  and  nearly  5 feet 
thick  in  the  section  along  the  Pennsylvania.  Railroad  to  the  west  near 
-Tohnstown  station.  To  the  east  on  Little  Conemaugh  River  it  is 
exposed  just  at  the  northwest  a]iex  of  the  first  big  meaiider.  It  must 
be  thick  in  all  the  intermediate  territory.  Its  outcrop  along  Stony 
Creek  near  the  Rolling  Mill  mine  of  the  Cambria  Steel  Com- 
]>any  is  also  conspicuous.  Northwest  of  -TohnstoAvn  near  the  old 
Cambria  furnace  and  at  the  east  base  of  Laurel  Hill  it  outcrops 
and  shoAVS  just  above  the  Avaters  of  Laurel  Run.  Here  it  is  a bluish 
limestone  Avith  some  sti’eaks  of  calcite.  Tt  is  present  but  not  very 
thick  near  South  Fork,  and  is  also  re])orted  near  Scalp  LoAml.” 

Tt  seems  to  be  extremely  irregular  in  its  distribution  indicating 
non-deposition  over  many  areas.  Tt  is  described  (Report  H4)  as 
])resent  in  many  ))laces  in  Indiana  County,  especially  in  the  extreme 
southern  and  northern  portions  Avhere  it  is  4 to  5 feet  thick  in  certain 
localities  and  has  been  quarried  for  agricultural  lime.  There  is 
some  doubt  as  to  Avhether  all  the  limestones  there  described,  really 
belong  to  this  horizon,  consequently  it  seems  best  to  omit  these 
descriptions.  The  Avriter  Avas  not  able  to  study  the  region  in  the 
course  of  this  investigation. 
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Anuli/svs  of  the  ■loJnistoini  U metstonv.'' 


1 

2 

3 

4 

Carbonate  of  lime  - 

Carbonate  of  magne.?ia  - 

.3fi.214 
1C. 883 

58.7.50 
K1.0C5 
7.. 380 

78.768 
2.421 
3.. 540 

34.301 

21.670 

S.700 

4.390 

.3.300 

Sulphur  - --  - -- 

. OuG 

.041 

.097 

1.2GS 

Phosphorus  --  — _ _ . - . 

Insoluble  residue  --  --  - — 

.056 

32.790 

.025 

15.0GO 

.018 

13.790 

.OP 

27.87;j 

1.  A.  Gorman’s  «|uarry.  two  miles  southwest  from  Smitliport,  Indiana  County.  Upper 

portion  of  deposit.  See  ITIITTTT.  p.  221.  Hard  and  toujjli,  with  rough  irregular 
tiie-tiire  and  ix^arl  g'*:iy  eoh)r.  Ivnit'^  a strona’  aT’gillaeeous  odor  wlieii  hveathed  upon. 

2.  A.  Gorman's  (piarry.  two  miles  southwest  from  Smithport.  Indiana  Co.  Lower  portion 

of  deposit.  Hard  and  longli.  with  irregular  fracture  and  bluish  gray  color.  Emits 

a stvong  argdlncc'^'us  (ulor  avIkui  breathed  upon. 

3.  Tyhawk's  quarry,  one  mile  east  from  Black  Lick  station,  Indiana  Co.  From  main  bench 

4.  A.  .1.  Hawes’  (jiicrry  .Tolmstmvn . Cambria  Co.  Sc(‘  HII,  p.  1"M.  Hard  and  brittle: 

of  deposit.  See  IIIITIH.  p.  100.  Compact;  bluish  gray,  with  irregular  fracture, 

b’uisb  g”av  : sliows  (‘onsiderable  pyrit(‘s,  and  emits  a strong  argillaceous  odor  when 
breathed  upon." 


lAjiver  Freeport  Umestone. — Several  thin  limestones  are  associated 
with  the  Freejiort  coals  in  Indiana,  and  (T'ambria  count ii's  so  that  it 
is  not  easy  to  determine  their  exact  correlation.  BcIoav  tlie  Lower 
Free])ort  coal  there  is  exjiosed,  at  differmit  ])laces,  rather  impnre 
limestone  that  is  snjiposed  to  he  the  Lower  Freeport.  There  are 
several  exposures  along  Stony  Frei'k  near  IMoxhom  where  it  varies 
from  to  4 feet  in  thickness.  In  a feAV  ])lac(‘S  both  in  Indiana 
and  Cambria  connties  this  limestone  has  tieen  quariaed  for  local 
farm  nse. 


A iKft i/sr.s  of  Lower  Fj-ceport  liniestoiier* 


CarbonatP  of  lime  S8.232  | 82.321 

Cnrbonate  of  magnesia  i 1.371  ' 8.021 

Oxide  of  iron  and  alumina  1.9C0  I 2. 030 

.Sulphur  .048  ' .102 

PhosphoriLS  .017  .017 

Insoluble  residue  8.210  .7. .502 


1.  S.  Palmer’s  (piarry,  three  quaitors  of  a mile  west  north-west  of  Decker's  Point.  Indiana 

(’o.  See  Report  IIITIIII.  p.  228.  Irregularly  seamed  with  white  crystalline  car- 
bonate of  lime:  exceedingly  brittle,  with  rough  irregular  fracture  and  Iduish  gray  color. 

2.  P.  Brown's  nuarry.  four  and  one  half  miles  east  north-east  from  Blairsville.  on  Gnmbria 

and  Indiana  pike,  Indiana  Co.  Compact,  brittle;  bluish  gray,  with  irregular  fracture.’’ 


Upper  Freeport  limestone. — The  Upper  Freejiort  linu'stone  ocenr 
ring  between  the  Ujijier  and  LoAver  Freejiort  coals  has  been  mded  in 
scores  of  jilaces  throughout  these  tAvo  connties  yet  it  is  more  ajit 
to  be  missing.  HoAvever,  it  is  more  extensively  develojied  than  the 
LoAver  Freejiort.  It  is  an  impnre.  cfimpact,  dove-colored,  freslnvater 
limestone  suitable  tor  agricultural  lime  and  has  been  (juarried  oji 
a small  scale  for  this  jmrpose  by  the  farmers  in  many  localities  Avhere 
it  is  sufficiently  thick.  It  varies  in  fhickness  from  0 to  10  feet  and 
is  generally  interbedded  Avith  shales. 


'^Pennsylvania  Second  Geological  Surrey,  Rejit.  MM.,  (pp.  294-2{h’"'i ) . 
” ' Peniisylvanin  Second  Geological  Survey,  Rcpi.  IMM.,  (pp.  293-204). 


320 


lu  U.  S.  G.  S.  Folio  174  (p.  6)  it  is  described  as  follows: 

“In  the  region  near  South  Fork  the  Upper  Freeport  limestone  mem- 
ber appears  in  the  section.  A short  distance  east  of  Ehrenfeld  it 
is  Avell  exposed  in  some  recent  excavations  made  along  the  Pennsyl- 
vania Eailroad.  It  ranges  from  1J4  to  3 feet  in  thickness.  It  is 
gray  in  color  and  very  irregularly  bedded.  Its  relation  to  the  over- 
lying  Upper  Freeport  coal  is  indicated  in  the  folknving  section : 

h><’cfioit  sliOH'iiig  V piicr  Freeport  eoal  and  Z'pper  Freeport  Ihnestone 

meniher  at  Ehrenfeld. 

Ft.  in. 

Shale,  blue,  Avith  alternating  layers  of  line  grained 


sandstone  20  0 

Sandstone  (loAver  part  of  Mahoning  member)  ....  20  0 

Goal,  1 foot  114  inchesl 

Rone,  2 inches  }■  ( U]iper  Free])ort ) ...  3 94 

Coal,  1 foot  8 inches  J 

Clay,  lower  foot  containing  limestone  nodules  ....  2 0 

Limestone,  iiregularly  bedded  (Ujtper  Freej)ort 

member)  14-3  0 

Fii-e  clay  in  places 1 plus  0 

Shale  13  0 


It  has  been  quarried  for  agricultural  lime  in  several  places  in 
Green  and  Cherryhill  townships,  Indiana  Co.  as  Avell  as  elsewhere. 

Ames  (Crinoidal)  Ihnestone. — The  Ames  limestone  is  present  in 
both  Indiana  and  Cambria  counties  but  so  far  as  knoAvn  is  of  no 
economic  value.  Rarely  is  it  observed  to  contain  more  than  a foot 
of  limestone  that  is  pure  enough  to  be  of  use.  A good  description  of 
this  member  is  the  folloAving  taken  from  Folio  189  of  the  U.  S.  Geol. 
Survey,  page  6. 

“Associated  Avith  the  upi)erniost  red  shale,  but  eveiwAvliere  above  it, 
is  a.  fossiliferous  limestone  or  in  places  a highly  calcareous  dark  shale 
croAvded  Avith  marine  or  l)rackish-Avater  fossils.  This  is  the  Ames 
limestone  member,  formerly  knoAvn  as  the  “Crinoidal”  limestone. 
It  is  of  interest  and  signiticance  as  marking  one  of  the  most  exten- 
sive incursions  of  the  sea  into  the  northern  Ai)palachian  coal  held. 
It  is  knf)Avn  throughout  a Avide  area  in  soutliAvestern  Pennsylvania, 
soutliAvestern  Ohio,  northeastern  Kentucky,  and  Avestern  West  Vir- 
ginia. 

“The  best-knoAvn  development  of  the  Antes  member  in  the  region 
is  in  a cut  of  the  Cambria  & Clearfield  division  of  the  Pennsylvania 
Railr(md  three-fourths  of  a mile  north  of  Bradley  Junction,  AAdiere 
Ihe  folloAving  section  Avas  measured: 

Section,  north,  of  Bradlea  Junction. 

Ft.  in. 


Morgantown  sandstone  member  3>0  0 

Ames  limestone  member: 

83iale,  black,  cai-bonacetms  and  calcareous,  Avith 

fossil  shells  -1  9 

Limestone,  dark,  earthy,  Avitli  fossil  shells  0 4 

Shale  carbonaceous,  full  of  FonJaite.s  leaves  (Har- 
lem coal ) 1 9 

Shale,  dark  gree]j  , s , 19  9 
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“Oil  tilt*  road  about  midway  between  Dy.sart  and  St.  Augustine  a 
coal  bed  has  tiemi  ojieued  at  this  horizon.  Above  the  coal  are  in- 
dieatioiis  of  rotten  I'mestoue — tlie  Ames  member — and  close  below 
the  coal  is  a comparatividy  jmre  limestone  with  t^pirorhis  underlain 
by  a thick  bed  of  led  clay.  Tlie  red  siiale  and  limestone  with  Spirovhis 
show  in  the  road  2 miles  north  of  the  southwest  corner  of  White 
Township  and  half  a mile  east  of  its  west  boundary.” 

IJIk  Lick  (IikI  Lift.sbiir(/li  limcstoiirs. — In  the  nj»]>er  ]iart  of  the 
t'onemaugh  group  in  Indiana  and  Cambria  ('ountii'S  there  are  oc- 
casional limestone  lentils  of  no  jiarticular  value  as  they  are  almost 
everywhere  too  thin  to  quarry.  Some  of  these  have  been  thought  to 
ri'preseut  the  Elk  Lick  and  Pittsburgh  members.  About  three-fourths 
niih“  northwest  of  Rico,  Indiana  County,  a limestone  sujqiosed  to  be 
the  Elk  Lick  has  been  quarried  locally. 

licHtcood  liiiic.'itoiie. — Caiqdng  some  of  the  highest  hills  iii  the 
vicinity  of  Elders  R'dge,  Indiana  County,  there  are  limestones  and 
interbedded  shales  aggregating  about  2b  foot  thick.  At  times  these 
limestones  that  are  easily  ipiarried,  have  been  used  by  the  farmers 
for  agricultural  lime.  The  limestones  are  non-fossiliferous,  gray, 
compact  and  fairly  pure.  The  I’me  made  from  them  is  .said  to  be 
very  satisfactoiy. 


Additional  aiialifses  of  Carhoniferoa-s  liiiiestonex  in  Indiana  and 

Cam  hria  conn  ties. 
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14.980 
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9.150 
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1.  Pittslimprli  Hiiipstnnp.  A.  11.  Fulton's  (iiiarry,  .at  Wpst  I.eh.mon.  Generally  compact  and 

brittle ; with  irregular  fracture  and  bliiisli  gray  color.  Seamed  with  bluish  black  lime- 
stone (MM,  p.  2Sn). 

2.  rittshurgli  limestrne.  Lemont  Furnace  ipiarry,  .3  miles  N.  E.  of  Fniontown.  Gomparatively 

soft  and  brittle;  very  irregular  fracture  and  bluish  gray  color.  (MM.  p.  290). 

3.  Sewicklcy  limestone.  Robert  Smith's  quarry  at  Smith's  station,  2 miles  N.  E.  from  Blairs- 

ville.  (See  Kept.  Illfllll.  p.  l.ofi).  Cnmiiact,  brittle,  sparkling  with  oalcite ; bluish  grav, 
with  irregular  fracture.  More  or  less  stained  with  iron  ox'ide.  (MM.  p.  288). 

4.  Freeport  Upper  limestone.  G.  Livengood's  quarry,  3 miles  east  southeast  from  Blairs- 

ville.  Compact,  bi-ittle  : bluish  gray,  with  irregular  fracture;  sparkles  with  calcite. 

Specimen  moi-e  or  less  stained  witii  iron  oxide,  emits  a strong  argillaceous  odor  when 
l)reathed  upon.  (MAf,  ji.  202). 

,5.  Freeport  Upper  limestone.  D,  E.  Griffith's  quarry,  It  miles  north  northeast  from  Iloiner. 
Compact,  brittle;  dark  bluish  gray,  with  irregular  fracture.  Emits  a strong  argillaceous 
odor  when  breathed  upim.  (MM,  j>.  202). 

(1.  Freeport  Upper  limestone.  S.  C.  Haz'ett's  quarry,  2 miles  south  of  .Tacksonville.  Compact, 
brittle,  bluish  gray,  ryith  sub-conchoidal  fracture.  (.MM,  j».  202). 

7.  Freeport  Upper  limestone.  Groft  Brothers’  quarry,  1 mile  east  of  Chambersville.  See 

Rei>t.  lUlHTd  j>.  2,.>4.  Couqiact,  brittle,  dark  bluish  gi'av,  with  irregular  fracture 
(MM,  p.  292). 

8.  Freeport  Upper  limestone.  Rev.  S.  Bi-own's  quarry,  miles  southwest  from  Five 

Uoiuts.  Comi>act,  brittle;  sparkles  with  calcite;  bluisii  grav,  with  subconchoidal  frac- 
ture. (MM,  p,  292). 
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JEFFERSON  AND  CLEARFIELD  COUNTIES. 

The  only  limestones  of  Jefferson  and  Clearlield  counties  of  any 
imj)ortance  are  contained  in  the  Allegheny  group  and  in  order  of 
age  are  the  Vanport  (Ferriferous),  Johnstown,  Lower  Freeport, 
and  Upper  Freeport.  In  addition  a few  unidentified  limestones  of 
the  Conemaugh  formation  have  been  noted  in  Henderson  Township, 
Jefferson  County,  and  may  be  present  in  some  other  regions.  Of  the 
limestones  that  are  developed  all  are  of  less  importance  than  the  same 
members  in  the  nearby  counties  lying  to  the  south  and  soutlnvest. 
Lithologically  the  strata  are  similar  except  in  general  they  are  some- 
what more  impure  in  Jelferson  and  Clearfield  as  well  as  thinner. 
Many  brief  notes  concerning  these  limestones  are  contained  in  Re- 
ports H,  HG  and  H7  of  the  Second  Geological  Survey  of  Pennsylvania. 

Vanport  (Ferriferous)  limestone. — So  far  as  positively  known 
the  Vanport  limestone  is  not  present  in  Clearfield  Coimty.  In  Jeffer- 
son County  it  is  a persistent  stratum  developed  extensively  in  the 
Red  Bank  Creek  drainage  basin,  outcropping  in  the  valleys  of  almost 
all  the  streams  that  go  to  form  Red  Bank  Ci*eek.  It  is  therefore 
widespread  throughout  the  major  portion  of  the  county,  being  en- 
tirely absent  only  in  the  northwestern  and  southeastern  portions. 

The  Vanport  limestone  iri  Jefferson  County  is  much  less  valuable 
than  in  Armstrong,  Clarion  and  Butler  counties.  In  many  places  it 
passes  into  a cherty  limestone  and  then  into  a sandstone.  It  con- 
tains many  fossils,  esj)ecially  crinoid  stems.  It  is  gray  in  color  and 
when  freshly  broken  presents  a coarse  and  uneven  surface.  It  is  in 
most  cases  overlain  by  the  so-called  “Buhrstone”  iron  ore,  Avhich  is 
seldom  more  than  1 foot  thick. 

The  Vanport  in  Jell'ei-son  County  i-anges  in  thickness  from  0 to 
about  G feet  but  probably  averages  I to  5 feet  in  all  places  Avhere 
it  has  been  developed.  Throughout  the  county  generally  it  is  the 
limestone  that  has  been  most  extensively  quarried  but  everywhere 
in  a small  Avay  for  local  agricultural  lime.  The  analyses  on  a later 
page  show  the  chemical  composition  of  the  better  grade  stone. 

Johnstown  limestone  (cement  Ijed). — The  JohnstoAvn  limestone, 
formerly  widely  knoAvn  as  the  JohnstoAvn  cement  bed,  is  rather 
widely  developed  in  both  Jefferson  and  Clearfield  counties.  Where 
present  it  is  generally  from  to  2-1  feet  thick  and  is  rather  impure. 
It  is  dark  bluish-gray  to  light  broAvn,  someAvhat  fossiliferous,  hard 
and  tough  and  breaks  with  an  irregular  fracture.  In  a very  few 
places  it  has  been  quarried  and  burned  for  agricultural  lime  but  the 
large  percentage  of  impurities  almost  everywhere  render  it  of  very 
little  value. 

Loiver  Freeport  limestone. — The  Lower  Freeport  limestone  lies  a 
few  feet  below  the  Lower  Freeport  coal.  It  is  poorly  developed  in 
Jefferson  County,  there  being  only  a few  places  where  it  attains  a 
thickness  of  2 feet.  In  Clearfield  County,  however,  it  is  thicker  than 
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the  Upper  Freejuirt  and  locally  is  from  G to  S feet  thick  althou.e;h 
ordinarily  from  2 to  4 feet.  It  has  been  ntilizc'd  for  agricnltnral  lime 
in  many  sections  of  Clearfield  County  and  a few  in  J(“fferson  County. 
It  is  a dai'k  ^ray  or  bluish  uray  stoTie  when  fresh,  but  weathers  to  a 
lijiht  yellow  color.  It  is  non  fossilifei'ous,  com]>act,  crystalline  and 
breaks  with  a conchoidal  fracture*. 

Upper  Freeport  lhnesfoue. — The  Up])er  hb'eejiort  limestone  has  a 
limTed  development  i)i  these  counties.  It  is  thickest  in  a narrow  belt 
in  soeithwest(*rn  Jeffei'son  County  betw(*eu  I’erryville  and  Worth- 
ville.  In  ('learfield  County  it  is  rar(*ly  i)i-eseut.  Its  ])Osition  is  a few 
feet  below  the  U])]»er  Free]ioi*t  coal.  In  the  vicinity  of  Perryville  it 
is  about  10  feet  thick  including’  some  iuterbedd(*d  shale.  Certain 
layers  ai-e  faii-ly  jmia*  and  yield  a },o)od  grade  of  lime  whereas  others 
are  (piite  imjiure.  In  a few  places  this  nu*mber  is  15  feet  thick  al- 
though within  a few  mib*s  it  may  lx*  no  more  than  3 or  4 feet,  the 
ordinary  thickness. 

In  ])hysical  and  ch(*mical  com])osition  it  vai'i(*s  Avid(*ly  as  the  analy- 
ses given  below  indicate.  lv\ce])t  locally  it  possesses  little  or  no 
value. 

l/niieatoiies  of  Hie  ('oneom  mjh  fp'oiip. — In  llendei-son  toAvnshi]), 
Jefferson  County,  es]>ecially  near  Stump  Creek,  there  are  several 
limestones  develoi>ed  Avithin  the  Conemaugh  group.  Although  they 
are  thin  and  fairly  impure  they  have  been  quarried  locally  to  a small 
extent. 


AiKili/.ses  of  (Unbouiferous  I i iiirstoins  of  Jrjjcrsoii  and  (dca rfieht 

eoinitiex. 


la 

Ih 

2 

3 

in 

4h 

5 

0 

7 

•''fWOfi  . 

92 . 5<;o 

75 . 3.57 

77.143 

89.107 

4S.571 

flO.CX'O 

91  K5 

8S . 

8^.  03.7 

•AlgCOs  - 
.AI=Oa  ) 

2.497 

0.3:10 

4.C91 

1.011 

23.702 

2.800 

2.4’il 

1 . ,589 

1 3 

Fe-On  ( - 

1 . 5:10 

4 . 230 

3.700 

2.140 

7 . 2.50 

1.2.-.) 

1 .:ii2 

1 .740 

2.170 

Si02 

2.390 

0.780 

11.780 

0.170 

10.000 

3 . 4 SO 

:L130 

0.770 

S.-hio 

P.  

.023 

.017 

.073 

.024 

.(►32 

.oil 

.012 

.02.3 

.n-,7 

1.  In)  Propprty  (>f  James  Smilli,  2 miles  nortlieu'^t  from  Kiin,  JellVrson  ('nimly.  Tn  T>o\vor 

Barren  measures.  200  feet  to  22r>  feet  aUovt'  Freeport  Upper  coal.  Katlier  rou'se  I'lainetl, 
In-jttle.  lilnish  jivay.  UMI*.  pn.  ST-SSl. 

()>)  i^ame  as  sibove.  Init  12-”»  feet  to  1 "0  feel  a' ove  l‘'reepor1  rpi>er  coiil  lUm>  graiiuMl: 
rather  liard  ami  toiifrli  : ]>earl  jrray.  (M‘5.  ii]>.  S7-SS). 

2.  Jacob  Smith.  2 miles  north  from  Bisr  Kun.  Jelferson  Count, v.  I'O  f(‘ct  to  ITo  feet  above 

Freeport  u])per  coal.  Fine  {Trained  rather  brittle:  with  conchoidal  fraefim*  : irregularly 
seamed  with  calcite  : dark  bluish  jtra.v.  ]»p.  S7-SS). 

n.  F'reej)ort  Tapper  limestone.  N.  B Lane’s  proptu'tv.  Jefferson  Coiuity.  1 nuTe  southea-^t  frotn 
Brockwa  vville.  Fine  {Trained;  brillle:  sparkles  with  ca’cito:  g:onernllv  pearl  {Tray 

(M8.  p.  8^). 

4.  Freeport  Tapper  limestone.  John  Tier's  Property.  1 mile  \.  W.  from  Perrysville,  Jefferson 
County.  fa)  Ppper  bench.  Hard  and  tomrh  : aimearam^e  sandy:  fracture,  irregoilar: 

color,  light  pearl  gra.v  fb)  I.ower  bencli  (?)  Ttather  fine-grained;  comi»nratively  brittb' : 
mottled  with  calcite:  l>luish  gray.  p.  8R). 

r>.  Freeport  limestone.  From  property  of  T'».  Hopkins,  2 miles  northwest  from  P‘'rostburg. 

Jefferson  County.  Very  fine-grained  and  brittle:  mottled  with  calcite;  pearl  gray. 

(M3,  pp.  88-80). 

6.  Freeport  limestone.  From  property  of  A.  Huffman.  2 miles  northeast  from  Northville, 

Jefferson  County,  Fine-grained;  brittle:  mottled  with  ealeite,  pearlv  grav.  (M3,  pp.  88- 

89). 

7.  Freeport  Lower  limestone.  N.  B.  I>ane’s  property,  one  mile  southeast  from  Broekwayville, 

Jefferson  County.  Fine-grained;  hard  and  brittle;  brownish  gray.  (M3,  pp.  88-89). 
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S.  Froeport  Lower  limostoiK^.  From  Evans  Roinul  Top,  one-half  mile  east  from  Corsica, 
Jefferson  romity  Fiiie-j?raine(I : hard  and  brittle;  brownish  gray.  (M3,  pp.  88-89). 

9.  Johnstown  cement  bed.  N.  B.  Lane’s  property,  one  mile  southeast  from  Brockwayville, 
Jefferson  County.  Hard  and  tough : argillaeeous ; more  or  less  stained  with  iron  oxide; 
color,  generally  dark  gray.  The  ignited  “insoluble  residue”  contains:  silica,  27.570; 
Alumina,  4.800;  Sesquioxide  of  iron,  trace;  lime,  trace;  magnesia,  .245  (J.  M.  S.) 
(M3,  p.  SO). 

10.  Johnstown  cement  bed.  John  Tier’s  property,  one  mile  northwest  from  Perrysville, 

•Tefferson  Countv.  Rather  hard  and  tough;  fracture,  irregular,  rough:  dark  bluish  gray. 
(M3,  p.  80). 

n.  Vanport  limestone.  C.  Bovaird.  3 miles  northwest  of  Br<x*kwayville,  Jefferson  County. 

Fine  grained:  brittle:  pearl  gray.  CM3,  pp.  SO-00). 

12.  Taiiport  limestone.  From  property  of  William  H!>nnn.  2 miles  northeast  from  Snranklc’s 

mills.  Jefferson  County.  Hard  and  tough;  fine  grained,  full  of  fossil  casts;  dark 
bluish  gray.  (iM3.  pp.  80-00). 

13.  A’anport  limestone.  From  property  of  A.  Enty.  one-half  mile  southeast  from  Wortlivillc, 

Jefferson  County.  Fine-grained:  brittle;  fossiliferoiis ; light  bluish  gray.  (M3,  pp.  80- 

00). 

14.  Tauport  limestone.  Samuel  Shield’s  property,  one  mile  north  from  Downlingville . Jefferson 
Countv.  Rather  fine-grained;  fossiliferous,  sparkles  with  oalcite ; pearl  gray.  (M3,  p. 
00). 

15.  Near  Frost’s  house,  four  miles  east  from  Brookville,  on  Ridgeway  road,  Jefferson  County. 
Appearance  sandy:  exceedingly  hard  and  tough;  fracture,  slightly  conchoidal ; color, 
bluish  gray.  (M3,  p.  00). 

1().  Caldwell’s  Opening,  1 mile  west  of  Glenn  Hope.  Clearfield  County.  Limestone  hard,  com- 
pact, and  of  a bluish  gray  color.  (M.  p.  70). 

17.  Owen’s  Opening,  on  Clearfield  Creek,  1 mile  east  of  (^learfield,  Clearfield  County.  Lime- 
stone, liighly  crystalline  of  a deep  blue  color.  (M.  p.  77). 


BLAIR  AND  CENTRE  COUNTIES. 

The  Carboniferous  strata  are  i»resent  as  a narrow  band  extending 
along  the  northwestern  part  of  Blair  County  and  occupying  the 
same  position  hut  constituting  a wider  area  in  Centre  County.  The 
I’ocono  and  Manch  Chunk  series  are  ex])osed  near  the  top  of  the 
Allegheny  Fi-onl,  and  the  I'nttsville  and  coal  measures  lie  to  the 
westward. 

The  Carboniferous  limestones  of  these  counties  are  of  little  con- 
s(‘(pience.  Although  thin,  im])nre,  and  discoid innons,  it  is  ])Ossible 
lhat  they  might  be  utilized  more  were  it  not  for  the  close  proximity 
of  Cambro-Ordovician  and  TTelderl'erg  limestones  of  excellent  quality 
and  in  large  (jnantity  in  other  parts  of  the  counties. 

The  Carboniferous  limestones  that  have  been  noted  in  these 
counties  are  the  Loyalhanna  (Siliceous)  of  tlie  Pocono  series,  and  in 
tlie  Allegheny  group  the  Vanport  (Ferriferous),  Johnstown,  Lower 
Freeport,  and  Upper  Freeport.  All  are  s])aringly  developed  unless 
it  he  the  Loyalhanna  which  is  more  of  a calcareous  sandstone  than  a 
siliceous  limestone.  In  the  vicinity  of  Allegrippns  it  is  well  ex- 
posed with  a thickness  of  40  feet.  Tt  could  probably  be  found  in 
\ arioiis  other  ])laces  to  the  northeast  if  search  Avere  mad(“  for  it. 


OI  lli(‘  .\l(‘;isiii-(‘s  liin(‘sloiu*s,  llu*  Fi'ccpoil  is  l)('sl 

developed  in  tin*  Snow  Shoe  Basin  wiiere  it  is  impni'e  and  inoei'  more* 
than  3 feet  thick.  The  other  limestones  liave  been  noted  in  a f(*w 
localities  but  none  of  tliem  is  of  any  economic  importajice. 

ERIE  AND  CRAWFORD  COUNTIES. 

1 lie  ( arbonilei'ons  limestones  id  Miae  and  ( hawford  emintii'S  arc 
of  little  importance,  yet,  in  the  absence  of  any  better  linncstom^s  in 
Ihe  i-(‘cion,  ihey  have  bemi  utilized  in  a few  townshi|is  by  the  farniei-s 
as  a sonree  of  agidcnltural  lime.  The  only  limestone  members  are  the 
Cassewago,  Lower  Meadville,  and  t^jiiier  Meadville  id'  the  Bocono 
(possibly  Manch  Chunk ) series.  Practically  all  the  available  infomia 
tion  concerning  them  is  found  in  Beport  Q4  of  the  Second  Geological 
Survey  of  Pennsylvania.  The  Cassewago  limestone  has  been  noted  in 
( oncord  loAx  iiship,  h^rie  County,  and  in  Llaytield  and  \'enango  town 
ships,  Crawford  County.  It  varies  from  1 to  2 feet  in  thickness. 
It  has  been  used  to  a very  limited  extent  for  lime. 

The  Lowei-  ^Miaidville  limestone  is  ]U(»bab]y  absent  in  Ih-ie  Countv 
but  is  widespread  throughout  (h-awford  County  where  it  seldom 
exceeds  2 feet  in  thickness.  It  is  high  in  silica,  some  sjiecimens  con 
taining  as  much  as  bO  ]>er  cent  although  it  is  believed  that  in  most 
places  it  does  not  have  more  than  20  ]>er  cent.  It  is  useless  as  a 
flux  but  fairly  satisfactory  for  agi-ictiltiiral  lime.  Bxc(^]dionally,  it 
is  pure  enough  for  plastering  lime. 

The  Upper  Meadville  limestone  is  rather  widesjiread  in  Crawford 
County.  Inlike  the  other  two  limestones  it  is  well  filled  with  fossil 
i-emains.  It  seldom  exceeds  I foot  in  thickness  and  is  jiractically 
useless. 


FOREST,  ELK  AND  CAMERON  COUNTIES. 

The  counties  of  Forest,  Elk  and  Cameron  are  grouped  in  this 
discussion  although  actually  no  limestones  of  any  value  are  known 
to  occui-  in  either  Foi'est  or  Cameron.  Elk  County  is  Ixdter  ]a-(e 
vided  with  limestones  as  it  contains  a number  iti  the  Allegheny 
formation — the  Vanport,  Johnstown,  Lower  Eree])ort,  and  U])pei- 
Freeport — and  a few  lenses  in  the  Pocono  formation.  Of  the  Alle- 
gheny limestone  mendjers  represented,  no  one  of  them  is  as  inij)ortant 
in  Elk  County  as  in  some  of  the  counties  lying  to  the  south  and 
soutliwest. 

Ao  recent  limestone  investigations  have  been  made  in  this  region 
so  that  most  of  the  data  has  had  to  be  compiled  from  reports  of  the 
Second  Geological  Survey  of  Pennsylvania,  especially  Beport  B2. 
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lienezette  liinesione. — A layer  of  limestone  about  1 t'oot  thick, 
sef'ii  in  a few  places  in  . I ones  Townsliip,  lias  b(*en  called  the  Benezette 
limestone.  It  is  imjmre  and  worthless. 

Vauport  limestone. — The  Vanport  (Ferriferous)  is  the  principal 
limestone  of  Elk  Count}^  It  is  present  in  three  synclinal  basins  that 
extend  in  a northeast  direction  across  the  county. 

The  most  northwesterl}'  of  these  areas  in  which  the  Vanport  out- 
crops extends  through  Jones,  Kidgway,  and  Spring  Creek  townships. 
In  the  vicinity  of  Kasselas,  the  Vanport  is  fairly  well  developed  and 
has  been  quarried  for  lime.  It  is,  however,  not  continuous  and  in 
places  the  horizon  where  it  should  occur  contains  a layer  of  carbonate 
of  iron  ore  or  calcareous  chert.  It  is  present  in  only  a few  places 
in  Kidgway  and  Spring  Creek  townships.  The  best  exposure  in  the 
county  is  near  Kasselas  where  the  following  section  was  exposed  in  a 
quarry.^® 

Hcciion  (jf  Vanport  liine, stone  luntr  Rassela.s. 

Ft.  in. 


Gray  slate  ? 

Kotten  greenish  gray  limestone  3 0 

Gray  shale  S 0 

Iron  oi'e  1 0 

Hard  massive  blue  limestono 7 II 

Slate  1 <> 

Coal  1 I 


The  second  basin  containing  the  Vanport  is  in  Kenzingei', 
Horton  and  Fox  lowiishij)s  and  extends  from  tVest  Creek  in  a south- 
westerly direction  through  St.  Marys,  Kersey,  and  Krockport.  In  this 
belt  the  Vanport  outcrops  in  small  areas  near  St.  Marys  but  in  the 
\ alley  of  Toby  Kun  is  fairly  continuous.  Where  well  developed  it  has 
a thickness  of  b to  10  feet.  It  has  been  quarried  locally  for  lime. 

The  third  basin  where  the  Vanport  is  preserved  is  in  Jay  Township 
in  the  vicinity  of  Caledonia.  In  this  section  it  is  thinner  and  more 
impure  than  in  the  other  areas.  It  is  high  in  silica  and  iron. 

Johnstown  limestone  (cement  bed). — An  im])ure  limestone  from  2 
to  G feet  thick  lying  about  midway  between  the  Vanport  and  Lower 
Freeport  limestones  in  Horton,  Fox  and  Jay  townships  has  been 
supposed  to  be  the  Johnstown  limestone.  It  is  of  little  or  no  value. 

Lower  and.  Upper  Freeport  limestones. — In  Horton  and  Fox  town- 
sliips  both  the  Lower  and  r])i)cr  Fieejant  linu'stones  have  been  identi- 
fied in  a few  localities.  The  Lower  is  about  4 feet  thick  and  the 
Upper  about  2 feet.  In  all  ])robabiIity  some  stone  from  these  two 
memljers  has  been  used  locall}^  although  they  are  of  veiy  limited 
value. 

ToAshbuiner,  C.  A.,  Pennsylvania  Geol.  Surv.  Kept.  KU,  p.  73. 
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Aii((li/.srs  of  Carhoii  ifn  oils  limestones  of  Forest  and  Elk  coantles. 


1 

2 

3 

4 

5 

6 

Carbonate  of  lime  _ _ 

40.642 

so. 357 

81.875 

69-357 

57.321 

86.910 

Carbonate  of  magnesia  - 

1.172 

1.619 

7.189 

9.308 

8.854 

6.650 

Oxide  of  iron  and  alumina 

2.120 

8.610 

2.750 

4.835 

7.940 

2.205 

Phosphorus  - 

.018 

.086 

.(XK! 

.077 

.038 

.017 

Siliceous  matter  ..  _ 

j.o.ltJO 

12.190 

C.540 

13.680 

21.2.10 

2,390 

7 

8 

9a 

9b 

9c 

10a 

Carbonate  of  lime  ' 86.214 

91.785 

27.8.57 

54.553 

49.732 

94.357 

Carbonate  of  magnesia  - j 1.785 

1.808  1 

.983 

1.135 

1.331 

1.634 

Oxide  of  iron  and  alumina  __  i 2.610 

1.710 

3.830 

3.030 

3.660 

1.638 

Phosphorus . j .050 

.032  1 

.062 

.104 

.238 

.031 

.Siliceous  matter  - ..1  7.3i0 

3.370 

61.670 

38.950 

41.690 

1.630 

10b 

11 

12 

13 

14 

Carbonate  of  lime  

94.107 

1.369 

1.626 

.063 

2.200 

50.357 

2.467 

7.040 

.054 

36.860 

85.714 

1.171 

3.422 

.069 

8.390 

30.785 

1.408 

10.070 

76.143 

1.740 

3.680 

(Jarbormte  nf  magne.sia 

Oxide  of  iron  and  alumnia  --  - — 

Phosphorus  

Siliceous  matter  - 

50.670 

15.i^^ 

1.  Tionesta  lime-stone.  Kelley’s  (luaiTy,  four  miles  east  from  Tionesta,  on  Tionesta  creek. 

Forest  County.  Saddle  Bags  tract.  Two  to  throe  feet  thick.  Coarse  grained ; appear- 
ance. sandy;  exceedingly  hard  and  tough;  bluish  gray.  (M3,  p.  bO). 

2.  Freeport  Upper  limestone.  From  .T.  S.  Hyde’s  farm,  Horton  township,  Elk  Cuuntv.  One 

mile  south  from  Brandy  Camp  P.  O..  on  Brandy  Camp  creek.  Rather  coarse  grained 
and  brittle;  fracture  irregular;  light  bluish  gray.  (M3,  p.  Ul). 

3.  Freeport  Lower  limestone.  J.  S.  Chamberlain’s  farm,  Horton  township.  Elk  County ; 

Brandy  Camp  creek,  one  and  one-half  miles  south  from  Brandy  Camp  P.  0.  “K  lime- 
stone.” Rather  fine  grained  and  brittle,  with  conchoidal  fracture;  light  bluish  gray. 
(M3,  p.  91). 

4.  Freeport  Lower  limestone.  J.  C.  McAllister’s  farm,  Horton  township.  Elk  County; 

Brandy  Camp  P.  O.  "K  limestone  of  Horton  townsliip.”  Rather  tine  grained  and 
brittle;  fracture,  sub-conchoidal  ; color,  pearl  gray.  (M3,  p.  91). 

5.  Freeport  Lower  rimestone.  T.  Fox’s  farm,  Horton  township ; Mead  run,  three  fourtlis 

mile  north  from  Brockport.  “K  limestone.”  Fine  grained  and  brittle;  fracture,  sub- 

conchoidal;  bluish  gray.  (M3,  p.  91). 

6.  Vanport  limestone.  G.  W.  "Winslow’s  farm,  two  miles  northeast  from  Benezette,  Elk 

County.  Ten  feet  thick.  Rather  coarse  grained;  brittle;  mottled  with  caldte  and 
more  or  less  stained  with  ferric  oxide.  Color,  generally  pearl  gray.  (M3,  p.  91). 

7.  Vanport  limestone.  One  mile  east  from  J.  S.  Chamberlain’s  farm,  from  branch  of  Toby 

creek.  Fox  township.  Elk  County.  Very  line  grained  and  brittle;  fracture,  sub-con- 
choidal; dark  bluish  gray.  (M3,  pp.  91-92). 

8.  Vanport  limestone.  Brandy  Camp  P.  U.,  Horton  township.  Elk  County.  Rather  coarse 

grained;  brittle:  mottled  with  calcite ; bluish  gray.  (M3,  pp.  91-92). 

9.  Vanport  limestone.  From  Oyster’s  cpiany,  Brockport,  Horton  township.  Elk  County.  7 

feet  more  or  less,  thick.  (a)  Top  stratum,  appearance  shaly ; fossiliferous ; comparative- 
ly soft;  bluish  black.  (b)  Middle  stratum.  Fine-grained;  brittle;  argillaceous;  dark 

blue.  (c)  Bottom  stratum.  Appearance  shaly;  fossiliferous:  bluish  black.  (M3,  p.  92). 
JO.  Vanport  limestone.  Gen.  Kane’s  qnariy.  Jones  township;  .Johnson  Run  coal  basin;  four 

miles  northeast  from  Wilcox,  (a)  Upper  bed.  L'ine  grained  and  very  brittle;  more  or 
less  stained  with  iron  oxide;  reddish  gray,  (b)  Lower  bed.  Rather  fine-grained; 
brittle;  somewhat  mottled  with  calcite;  dark-bluish  gray.  (M3,  pp.  92-93). 

11.  Johnstown  cement  bed.  J.  C.  McAllister’s  farm.  Horton  township.  Elk  County.  Brandy 

Camp  P.  O.  .Appearance  sandy;  rather  coarse-grained;  very  hard  and  tough;  light- 
bluish  gray.  (M3,  pp.  92-93). 

12.  Clermont  limestone.  At  Kyler’s  Corners,  Fox  township.  Elk  County.  On  east  side  of 

Little  Tobv  Creek.  Very  fine-grained ; brittle ; fracture  conchoidal ; color,  bluish  gray. 
(M3,  pp.  92-93). 

13.  Benezette  Upper  limestone.  On  Caledonia  road,  one  mile  west  from  Benezette,  Elk 

Countj-.  Pocono.  7 feet  thick.  Appearance  very  sandy  and  coarse-grained ; fossilifer- 

ous; light  bluish  gray  generally.  (M3,  p.  93). 

14.  Benezette  Middle  limestone.  On  Caledonia  road,  one  mile  west  from  Benezette,  Elk 

County.  Pocono.  7 feet  thick.  Appearance  rather  shaly;  very  brittle;  fossiliferous; 

dark-bluish  gray.  (M3,  p.  93). 


WARREN  AND  McKEAN  COUNTIES 


There  is  little  need  to  more  ttiaii  mention  Warren  County  in  this 
report  as  it  is  not  known  to  contain  any  limestones  that  can  he  used. 
In  a few  shale  and  sandstone  strata  the  fossil  shells  are  so  abundant 
tliat  there  is  an  apprecialde  content  of  calcium  carbonate  but  not 
sufficient  to  justify  designating  them  as  limestones. 

McKean  County  is  but  little  better  provided  with  limestones.  Tlie 
Lower  Meadville  (Marvin  Creek)  limestone  of  the  Locono  formation 
is  a very  sandy  limestone  tliat  has  been  reported  in  many  places 
throughout  the  countv'  with  a thickness  up  to  5 feet.  So  tar  as 
known  it  has  never  been  used  on  account  of  its  impurities.  The 
V^anport  (Ferriferous,  Clermont)  limestone  is  sparingly  developed 
in  the  south  central  part  of  the  county  in  the  vicinity  of  Clermont 
where  it  consists  of  a bluish  gray  highly  siliceous  limestone  from 
0 to  8 feet  thick.  To  a very  limiteil  extent  it  has  been  quarried  and 
burned  for  lime  but  its  jioor  (juality  would  prevent  its  extensive  use 
for  this  purpose. 

POTTER,  CLINTON,  AND  SULLIVAN  COUNTIES. 

There  are  no  Carboniferous  limestones  of  any  importance  in  Potter, 
Clinton,  Lycoming,  or  Sullivan  counties.  Here  and  there  a few  inn 
pure  limestone  lenses  have  been  noted  but  they  are  rare.  In 
Sullivan  County  a sandy  limestone  of  the  Pocono  formation,  with 
a maximum  thickness  of  about  12  feet  has  been  burned  for  lime  to 
a limited  extent  and  similar  limestones,  although  thinner,  have  been 
noted  in  the  same  formation  near  Lock  Haven,  Clinton  County,  and 
near  Coudersport,  Potter  County. 

Lesley’"*  describes  some  siliceous  limestones  ( Loyallianna ?)  north- 
(*ast  of  Coyan  Station,  Lycoming  <'o.,  that  may  be  of  some  value 
for  agricultural  lime. 

ANTHRACITE  REGIONS. 

In  striking  contrast  to  the  bituminous  coal  region  in  the  develop- 
ment of  interbedded  limestones  are  the  anthracite  districts  of  the 
State.  Occasional  beds  containing  a small  amount  of  calcareous 
material  have  been  noted  but  true  limestones  are  extremely  rare. 

The  only  place  where  these  limestones  have  ever  been  used,  so  far 
as  known,  is  near  Wilkes-Parre  where  it  is  said  that  at  one  time  a 
siliceous  limestone  from  12  to  l.j  inches  in  thickness  was  quarried 
for  agricultural  lime'®  Two  and  possibly  three  other  thin  limestones 
have  been  obscu-ved  in  the  same  region.  None  of  them  is  of  any  con- 
sequence. 

"'^'I’eimsylvaiiia  Second  Geol.  Survey,  Suminarv  I’inal  Report,  vol.  S,  lit.  I,  pp.  K'>72,  ITSO- 
1791.  1801-1805. 

’“C.  A.  Ashbunier:  Pemisylvaiua  Second  Geol.  .Suryey  An.  Re-pt.,  1885,  pp.  457-458,  1880. 
Report  on  tha  Wyoming-  Valley  Limestone-Beds. 
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SUMMARY  OF  PRINCIPAL  CARBONIFEROUS  LIMESTONES  OF 

PENNSYLVANIA. 

I'lTiiiiaii  System. 

Greene  group ; 

Windy  Gap  limestone. 

Greene  Co.  S to  1(1  feet.  Jdme. 

Nineveh  limestone. 

(Jreene  Co.  5 to  10  feet.  Lime. 

Washington  (_'(».  Lenses  containing  some  massive  beds.  Koad 
meta  1. 

Claysville  limestone 

\Vashington  Co.  0 to  S feet.  Lime,  road  metal 
1 ’rosperity  limestoiu* 

Washington  Co.  10  to  12  feet.  Lime. 

]>onley  limestone 

tVashington  Co.  (>  feet.  Koad  metal. 

'\^'ashington  group: 

Upper  Washington  limestone 

Fayette  Co.  Thin,  unimj)ortant. 

Greene  Co.  -1  to  lo  feet.  Koad  metal,  lime 
Washington  Co.  1 to  3(5  feet.  Koad  metal,  lime 
dollytown  limestone 

Greene  Co.  5 feet.  Of  little  value 
AVashington  Co.  Thin,  uninn)ortant. 

Middle  Washington  limestone. 

Greene  Co. 

AVashington  Co.  10  to  30  feet.  Koad  metal,  lime. 

Klaeksville  limestone 
Greene  Co.  3 feet,  not  important. 

AA'ashington  Co.  3 to  o feet,  unimportant. 

Lower  AVhishington  limestone. 

Fayette  Co.  Thin,  unini[»ortant. 

(ireene  C(».  1 feet,  of  little  value. 

AAhishington  Co.  3>0  feet.  Koad  metal,  lime. 

Calvin  ((’olvin’s)  Kun  limestone. 

Allegheny  Co.  Locally  develo])cd,  thin,  unimportant. 

Greene  Co.  3 feet,  of  little  value. 

AVashington  Co.  Thin,  unimportant. 

AVestmoreland  (_'o.  Thin,  unimi)ortant. 

Alount  Alorris  limestone. 

Allegheny  (to.  Thin,  unimportant. 

Greene  Co.  1 to  2 feet,  non-persistent,  of  little  value. 
AVashington  Co.  Thin,  unimportant. 

AAVstmoreland  Co.  Thin,  unimi)ortant. 

I’ennsylva Ilian  System. 
iMonongahela  group : 

Wayneshurg  limestone. 

Alh'gheny  Co.  It  feet,  unimportant. 

Fayette  Co.  8 to  :>5  feet.  Lime 
Greene  Co.  10  feet.  Lime. 

AAashington  Co.  4 to  20  feet.  Locally  im[)ortant. 
AVestmoreland  Co.  8 to  35  feet.  Lime. 
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Pennsylvanian  System — Continued. 

Cniontown  limestone. 

Allegheny  Co.  Variable.  Lime. 

Fayette  Co.  10  feet.  Flux,  Pine,  road  metal. 

Butler  Co.  0-22  feet.  P^'liix,  lime,  road  metal. 

Washington  Co.  30  to  50  feet.  Lime,  Ilux,  road  metal. 
Westmoreland  Co.  10  feet.  Flux,  lime,  road  metal. 

Ben  wood  (Great)  limestone. 

Bulger  ( Fpper  Benwood ) limestone. 

Binsmore  ( la)wer  Bemvoodi  limestone. 

Allegheny  Co.  150  feet,  valuable.  Lime,  road  metal. 
Armstrong  Co.  25  feet.  Lime. 

Fayette  Co.  85  feet.  Lime,  road  metal. 

Greene  Co.  150  feet  thick  (maximum)  variable  composition. 
Lime. 

Indiana  Co.  25  feet.  Lime. 

Washington  Co.  Variable.  Lime. 

Westmoreland  Co.  85  feet.  Lime,  road  metal. 

Fishpot  (Sewickley)  limestone. 

Allegheny  Co.  Thin,  impui-e,  unimportant. 

Favett(‘  Co.  0 to  35  feet.  Lime,  liux. 

Somerset  Co.  Limited  distribution,  unimportant. 

Washington  Co.  Discontinuous,  thin,  unimportant. 
Westmoreland  ('o.,  0 to  35  feet.  Lime,  tlux. 

Redstone  limestone. 

Allegheny  Co.  Thin,  im])ure,  nnimportant. 

Fayette  Co.  10  1o  20  feet.  Lime,  tlux. 

Somerset  Co.  Thin,  unimportant. 

Washington  Co.  Thin  lenses  of  limestones  and  shales,  impure. 
Lime. 

Westmoreland  Co.  10  to  20  feet.  Lime,  tlux. 

Conemaugh  group: 

Fndifferentiated  limestones  (Jefferson  Co.) 

U]»per  Pittsburgh  limestone. 

Allegheny  Co.  Variable.  Lime. 

Beaver  Co.  Variable.  Lime. 

Pittsburgh  Pmestone. 

Armstrong  Co.  5 feet.  Lime. 

Cambria  Co.  Thin,  unimportant. 

Indiana  Co.  Thin,  unimportant. 

Westmoreland  Co.  Thin,  unimportant. 

Lower  Pittsburgh  limestone. 

Allegheny  Co.  Variable.  Some  good  for  lime. 

Beaver  Co.  Variable.  Some  good  for  lime. 

Somerset  Co.  Thin,  uninpiortant. 

Washington  Co.  Thin,  of  little  value. 

Little  Clarksburg  limestone. 

Washington  Co.  Thin,  of  little  value. 

I'larksburg  limestone. 

Allegheny  Co.  Thin,  unimportant. 

Beaver  Co.  Thin,  nnimportant. 

Somerset  Co.  Discontinuous.  Lime. 

Westmoreland  Co.  Thin,  nnimportanp 
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Poniisylvauian  System — Con  tinned. 

Elk  Lick  (Barton)  limestone. 

Alleglieny  Co.  Thin,  unimportant. 

Beaver  Co.  Thin,  unimportant. 

Cambria  Co.  Tliin,  unimportant. 

Indiana  Co.  Thin.  Lime. 

Somerset  Co.  3 to  11  feet.  Promising. 

Westmoreland  Co.  Thin,  unimportant. 

Berlin  limestone. 

Somerset  Co.  Lack  of  information. 

Coleman  limestone. 

Somerset  Co.  Lack  of  information. 

Phil  son  limestone. 

Somerset  Co.  Thin,  nnimportant. 

Ames  limestone. 

Allegheny  Co.  (I  to  ilO  inches.  Tm])ure.  Lime. 
Ai'instrong  Co.  2 to  3 feet.  Imj)nre,  unimportai.t. 
Beaver  Co.  (I  to  30  indies.  Inpnmv  Lime. 

Bntler  Co.  Thin,  unimportant. 

Cambria  Co.  4 feet.  Impure. 

Fayette  Co.  4 feet.  Unimportant. 

Indiana  Co.  4 feet.  Impure. 

Washington  Co.  2 to  S feet.  Unimportant. 
Westmoreland  Co.  4 feet.  I^nimportant. 

Pine  Creek  (ITiiper  Cambridge)  limestone. 

Allegheny  Co.  Thin,  nnimportant. 

Beaver  Co.  Thin,  nnimportant. 

Bntler  Co.  Thin,  nnimjiortant. 

Westmoreland  Co.  Thin,  nnimportant. 

Brush  Creek  (LoAver  Cambridge)  limestone. 

Allegheny  Co.  Thin,  nnimportant. 

Armstrong  Co.  Thin,  nnimportant. 

Beaver  Co.  Thin,  unimportant. 

Bntler  Co.  Thin,  nnimportant. 

Westmoreland  Co.  Thin,  nnimportant. 

Allegheny  gronji : 

Upper  Freejiort  limestone. 

Armstrong  Co.  Variable  thickness  5 to  18  feet.  Lime. 
Beaver  Co.  2 to  7 feet.  Lime. 

Bntlei-  Co.  2 to  feet.  Impure. 

Cambria  Co.  0 to  10  feet.  Lime. 

Center  Co.  Thin,  of  little  value. 

Clarion  Co.  Variable  thickness.  Lime. 

Clearfield  Co.  3 to  15  feet.  Lime. 

Elk  Co.  2 feet.  Lime. 

Fayette  Co.  3 to  18  feet.  Lime. 

Indiana  Co.  0 to  10  feet.  Lime. 

Jefferson  Co.  3 to  15  feet.  Lime. 

LaAvrence  Co.  2 feet.  Jinimportant. 

Somerset  Co.  Variable  thickness.  Unimiiortant. 
Westmoreland  Co.  3 to  18  feet.  Lime. 
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INMiiLsylvanian  t^ystein — Coutiuued. 

Lower  Freeport  ( Butler j limestoue. 

Armstrong  Co.  Tluii,  of  Jittie  value. 

Beaver  Co.  3 to  1)  feet.  Lime. 

Butler  Co.  3 feet.  Unimportant. 

Cambria  Co.  4 feet.  Lime. 

Centre  Co.  3 feet.  Unimportant. 

Clarion  Co.  Thin,  unimportant. 

Clearfield.  Co.  2 to  b feet.  Lime. 

Elk  Co.  4 feet.  Lime. 

Fayette  Co.  2 to  4 feet.  Unimportant. 

Indiana  Co.  4 feet.  Lime. 

Jefferson  Co.  2 feet.  Lime. 

Somerset  Co.  Thin,  uuimxiortant. 

Westmoreland  Co.  2 to  4 feet.  Unimportant. 

J ohnstown  limestone. 

Cambria  Co.  (i  feet.  Lime,  cement. 

Centre  Co.  Thin,  unimportant. 

Clearlield  Co.  2^  feet.  Lime. 

Elk  Co.  2 to  b feet.  Of  little  value. 

Fayette  Co.  8 feet.  Not  continuous.  Lime. 

Indiana  Co.  5 feet.  Lime. 

Jefferson  Co.  2^4  feet.  Lime. 

Somerset  Co.  2 to  8 feet.  Lime. 

^^'estmoreland  Co.  S feet.  Lime. 

N'anport  (Ferriferousj  (Clermont)  limestone. 

.\-rmstrong  Co.  20  feet.  Lime,  Mux,  road  metal. 

Beaver  Co.  5 to  10  feet.  Flux,  lime,  road  metal.  Important. 
Jiutler  Co.  0-22  feet.  Flux,  lime,  road  metal.  Very  important. 
Centre  Co.  Thin,  unimportant. 

Clarion,  10  to  20  feet.  Lime,  Mux,  road  metal. 

Elk  Co.  0 to  10  feet.  Lime. 

Indiana  Co.  I-j-  feet.  Lime. 

•lefferson  Co.  0 to  0.  Lime. 

laiwieuce  Co.  0-23  feet.  Flux,  lime,  road  metal.  Very  important. 
McKean  Co.  0 to  8 feet.  Lime. 

Mercer  Co.  8+  feet.  Fairly  important. 

N'enango  Co.  0-20  feet.  Flux,  lime,  road  metal.  Important. 

Lenezette  limestone. 

Elk  Co.  1 foot.  Of  no  value. 

I’ottsville  series. 

Upper  Mercer  (.Mahoning,  U])per  Wurtemburg)  liinestone. 
Ilutler  Co.  Thin,  unimportant. 

Lawrence  Co.  2 to  4 feet. 

Mercer  Co.  2 feet.  Flux. 

.M(‘i“cer  (Lower  Mercer)  (Lower  Wurtemburg)  limestone. 
Armstrong  Co.  0 to  10  feet.  Impure.  Of  little  value. 

Beaver  Co.  8 to  12  inches.  Unimportant. 

Butler  Co.  Thin,  unimportant. 

Lawrence  Co.  2^  feet.  Lime. 

IMercer  Co.  2 to  4 feet.  Lime,  Mux. 


0 0‘> 
»)»).> 


I’euns  viva  Ilian  Systani — ( 'onrludiMl. 

■Maiicli  (’liiiiik  .sai'ins. 

< ii'iaailirh'i-  li ineslom*. 

Fay(‘tt<‘  (’(>.  o to  40  IVvt.  Koad  nudal,  lime. 

I’^iilton  (’().  JSliales  and  liinastmie.  Lime. 

Nnmei-.sef  ('o.  Imjan-tanl.  lame. 

\\  est monda nd  ('o.  lo  40  feid.  Koad  metal,  lime. 

I’ocono  series. 

Ijijiei-  IMeadville  limestom'. 

Craw  l'oi-d  ('o.  4 foot.  Of  little  \alm‘. 

Lower  IMeadville  (Marion  Creek)  limestone. 
Crawfoi-d  Co.  2 feet.  lame. 

McKean  Co.  feet.  fm])ni-e.  nnimportant. 

(da  ssewago  1 i mestone. 

(di-awtord  (Jo.  1 to  2 feet.  Lime. 

Krie  ('o.  1 to  2 feet.  Lime. 

laiyalliamm  limestone. 

Klair  (’o.  40  feet.  Koad  metal. 

('aml)i-ia  Co.  4.5  feet.  I’avinjj,-  blocks. 

Fayette  Co.  60  feet.  Kallast.  ]ia\  ino-  blocks. 
Ijidiana  Co.  45  feet.  Kavinii'  blocks. 

Somerset  (do.  lame.  Koad  metal. 

Westmoreland  (do.  60  feet.  Kallast,  jiaviny  bloeks. 

Cndifferenlialed  limestones, 

Clinton  (do.  Thin.  ()f  little  value, 
laizmaie  ('o.  42  to  1.5  inches.  Lime. 

Kotter  Co.  Thin.  Of  little  value. 

Snllivan  t'o.  12  feet.  Tnpmi-e.  Lime. 
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CHAPTER  VI II. 


TK  J A S S 1 C LI  ME  STONES. 

The  Triassic  strata  of  Penusylvania  in  the  form  of  a enrved  band 
about  10  to  40  miles  wide  extending  across  the  State  from  New  Jersey 
to  Maryland  and  contained  within  Northam])ton,  Lehigh,  Bucks, 
Berks,  Lebanon,  Dauphin,  Lancaster,  York  and  Adams  counties  con- 
sist mainly  of  shales  and  sandstones.  Some  thin  impure  tine-grained 
interbedded  limestones  ai-e  develoj)ed  locally  but  are  of  no  particular 
value.  Of  considerable  value  are  some  unique  limestone  conglomer- 
ates or  limestone  breccias  that  have  been  noted  in  a number  of 
localities,  especially  at  or  near  the  northwestern  boundary  and  near 
Ihe  base  of  the  Brunswick  fo]-mation.  This  type  of  rock  is  variable 
in  character  and  distribution  and  grades  into  a quartz  conglomerate 
or  into  a sandstone.  In  certain  places  it  hasi  been  possible  to  map 
a Brunswick  conglomerate  and  even  to  ditferentiate  cartographically 
the  siliceous  and  the  calcareous  phases.  Elsewhere  the  conglomer- 
ate is  extremely  local,  occurring  as  thin  lenses  and  containing 
pebbles  of  shale,  sandstones,  and  limestones  in  a mud  cement.  Near 
the  surface  the  limestone  fragments  may  have  been  removed  by  solu- 
tion leaving  open  cavities.  Some  of  the  conglomerate  lenses  are 
several  hundred  feet  thick. 

Potomac  marble. 

The  conglomerates  in  which  all  or  nearly  all  the  pebbles  are  lime- 
stones are  very  striking  and  from  their  occurrence  along  the  Potomac 
River  a short  distance  east  of  Harpers  Ferry  have  received  the  name 
Potomac  marble.  Along  the  Potomac  River  the  limestone  pebbles 
are  set  in  a matrix  of  red  sandy  shale. 

In  Pennsylvania  the  Potomac  marble  has  been  observed  in  a number 
of  places  but  in  few  places  does  it  have  the  brilliant  color  contrasts 
exhibited  at  the  type  locality.  More  commonly  both  the  fragments 
and  the  matrix  are  dull  gray  or  greenish  gray.  Some  typical  ex- 
j)0sures  of  the  rocks  can  be  seen  near  Springtown,  Bucks  County ; 
near  Center  Valley,  Lehigh  County ; along  Schuylkill  River  a few 
miles  below  Reading,  Berks  County ; northeast  of  Bainbridge,  Lan- 
caster County;  along  Yellow  Breeches  Creek,  2 miles  north  of  Lis- 
burn, along  Susquehanna  River  near  ^larsh  Run,  and  near  Dillsburg, 
York  County. 

On  the  whole  the  Potomac  marble  does  not  possess  much  value  as 
it  is  apt  to  be  too  impure  to  be  desirable  for  tiux  or  lime,  and  the 
fragments  too  feebly  cemented  for  use  as  a building  stone.  In  places. 
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however,  oriiamental  stone  for  interior  use  might  be  obtained.  The 
only  places  in  the  State,  as  far  as  known,  wliere  this  stone  has  been 
utilized  are  near  Dillsburg,  York  County,  and  near  Klapperthall, 
Berks  County.  In  both  places  it  has  been  used  for  agricultural  lime. 

Frazer”  describes  a quarry  1 mile  northwest  of  Dillsburg  where 
the  stone  Avas  quarried  and  burned  for  agricultural  lime.  In  Report 
M3  (pp.  79-80)  the  folloAving  analyses  of  this  same  type  of  stone  from 
quarries,  just  north  of  Dillsburg,  are  given: 


Anal  uses  of  Potomac  laarljle  from  Weltij's  quarries,  near  Dillsburg. 


CaO  

44.950  ' 

44.220 

47.000 

42.940 

43.920 

AlgrO  

5.275 

6.403 

3.^5 

3.045 

2.929 

FeO  

1.179 

.864 

• 5S5 

1.09S 

2. 304 

iInO 

trace 

trace 

trace 

trace 

trace 

AI2O3  

2.460 

2.320 

1.690 

2.680 

5.090 

S 

.004 

.003 

.004 

.003 

.005 

P 

.011 

.012 

.003 

.013 ; 

.031 

CO2  

21.040 

34.030 

34.98,5 

30.0, ’2 

17.020 

H2O  

1.4t)0 

1.1.50 

1.270 

1.160 

1.720 

Insoluble  residue  ..  . . 

14.010  ■' 

10.800 

10.460 

l6.5t>0 

27.010 

100. 3S9  ; 
1 

99.892 

99.842 

90.591 

100. 0c9 

Tile  ignited  insoluble  residues  contain; 

SiOe  

11.603 

8.766 

7.710 

13.144 

2.5.320 

Fe-Oa  

.039 

.148 

.211 

.126 

.113 

AlrOa  

.236 

.126 

.231 

..524 

.205 

CaO  . 

.838 

.634 

1.238 

2.560 

.433 

AJgO  

.606 

.405 

.819 

1.777 

.301 

“Welty’s  quarries,  on  the  Dillsburg  branch  of  the  C.  Tk  R.  R.  about 
a third  of  a mile  north  of  the  dejjot  at  Dillsburg.  Mesozoic  limestone. 

“Brecciated;  rather  hard  and  tough,  Avith  irregular  fracture;  color, 
generally  greenish  grey.  Rortions  of  the  mass  consist  of  a Avhite 
saccharoidal  limestone.  Some  f)f  the  specimens  sIioav  beautiful  den- 
dritic impressions.” 

In  Report  M(p.  77)  another  analysis  of  this  stone  from  near  th  ' 
sajne  locality  is  given  as  folloAvs ; 

“CaCOg  73.189.  5fgCO.,  I.:i7(),  Fe  ..ITO,  Insoluble  residue  31.509. 

‘“In  bottom  of  M'MTlliam’s  Slc])c,  one  mile  northeast  fi'om  Dills 
burg. 

“Limestone  conglomerate,  crystalline;  C(,)lor  greenish  gray.” 


Berks  County 

The  most  ext(oisive  d(*velo[»nient  of  the  Triassic  limestone  conglom- 
erate is  along  the  nortlnvest  boundary  of  the  Triassic  strata  in  the 
vicinity  of  Reading,  Berks  County.  The  most  easterly  locality  is  at 
Clayton.  It  appears  at  the  surface  just  east  of  Bechtelsville  and 
overlies  the  ore  in  the  BoyertOAvn  magnetite  iron  mines.  From 


’’Pennsylvania  Geol.  Survey,  Rep.  CC.  p.  225. 
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Atliol  ( Aniityvillo)  to  Stoner.sville  it  is  iimisually  well-developed, 
roi-ming  the  surface  rock  over  almost  the  entire  northern  halt  of 
Amity  township.  Another  lens  with  a width  of  outcrop  of  about 
3,(100  fhet  appears  near  Antietam  Creek  about  2 miles  south  of  Jack- 
sonwald  and  extends  westward  tbrougb  Neversink  and  Fritz  Island  to 
a point  a short  distance  beyond  the  Schuylkill  River.  It  forms  most  of 
Poplar  Neck  and  the  ])eninsula  lying  to  the  west  and  good  exposures 
are  seen  in  some  of  the  railroad  cuts.  West  of  the  Schuylkill  River 
it  has  been  observed  in  a few  places  but  i)articularly  at  the  old 
Wheattield  Ore  Banks,  three-quarters  of  a mile  east  of  Fritztown. 

In  the  Berks  County  localities  the  conglomerate  varies  greatly. 
In  some  places  it  has  a large  admixture  of  sandstones  and  shale 
fragments.  The  size  and  shape  of  the  fragmental  material  and  the 
color  also  vary. 

Near  Klapperthall  about  2 miles  southeast  of  Reading  an  attrac- 
tive variety  of  the  Potomac  marble  outcroi>s  along  the  railroad. 
Angular  fragments  of  white,  gray,  mottled  and  reddish  crystalline 
limestones  are  enclosed  in  a red  sand  matrix.  Some  specimens  from 
the  locality  have  been  found  to  take  a high  polish  and  are  especially 
handsome.  The  rocks  near  the  surface  are  somewhat  broken  by  frost 
action  so  that  it  might  be  difficult  to  secure  large  building  blocks 
but  it  is  probable  that  better  stone  could  be  obtained  at  greater 
depth.  An  illustration  of  this  stone  is  given  on  page  337.  It  is  pos- 
sible that  at  this  locality  and  perhaps  at  some  other  localities  at- 
tractive decorative  stone  for  interior  work  might  be  obtained.  The 
stone  is  almost  identical  with  the  marble  formerly  quarried  along  the 
i’otomac  River  in  Maryland  and  Virginia  except  that  the  fragments 
are  somewhat  smaller,  averaging  less  than  an  inch  in  diameter. 

York  and  Lancaster  Counties. 

Prof.  M.  H.  Bissell  furnishes  the  following  brief  descriptions  of  a 
few  localities  in  York  and  Lancaster  counties: 

“Excellent  exposures  of  Ibis  conglomerate  may  be  seen  in  the 
steep  bank  of  Yellow  Breeches  Creek  some  two  miles  north  of  Lis- 
burn, and  in  the  Pennsylvania  Railroad  cuts  on  the  wesi;  bank  of  the 
Susquehanna  River  two  to  three  miles  southeast  of  New  Cumberland. 

“In  the  lirst  of  the  above-mentioned  localities  a cliff  ten  to  twenty 
feet  or  more  in  height  is  made  up  of  great  masses  of  conglomerate 
with  interbedded  strata  of  sandstone  and  shale.  Some  of  the  con- 
glomerate is  exceedingly  coarse, . containing  bowlders  two  feet  in 
diameter,  with  which  are  mixed,  without  any  suggestion  of  sorting, 
fragments  of  heterogeneous  sizes  down  to  small  pebbles.  The  material 
is  partly  limestone,  partly  (piartzite  and  red  sandstone.  Some  of  it 
is  rounded  and  some  quite  angular.  Although  thick  beds  of  such 
heterogeneous  material  show  no  sign  of  sorting,  in  places  they  over- 
lie  beds  of  sandstone  with  almost  no  conglomerate,  and  even  thin 
strata  of  shale  are  interbedded  with  the  coarsest  conglomerate. 
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“8niitli  ol'  tlie  I’;il(Mizoic-T]'iiissie  on  tlie  west  bank  of  tlie 

Sns(HU“lianna.  below  ^Mai’sli  Knn,  the  breecia  like  ebai'acter  of  tlie 
I’otomae  nnn-ble  's  nioi-e  strikingly  shown.  Here  Hu*  rock  is  a lime- 
stone bi-eecia  containing  angular  fragments  of  all  sizes  up  to  about 
om*  foot  in  diameter.  (Plate  XIV  A)  ilany  of  the  fragments  are 
much  tlatt(‘ued,  but  are  not  arranged  with  iheir  long  axes  jiarallel. 
Although  limestone  is  the  jiredomi nating  material,  white  and  yellow 
(piartzite,  red  sandstone  and  shale,  and  schist  are  found  as  frag- 
ments. A’ear  the  signal  tower  in  the  railroad  cut,  a ited  of  such 
breccia  or  conglomerate  ten  feet  thick  is  overlain  and  underlain  by 
red  sandstone. 

“A  very  extensive  surface  exposure,  which,  however,  does  not  afford 
any  vertical  sections,  occurs  along  the  eastern  margin  of  the  Triassic 
belt  east  of  the  Susquehanna  River  in  the  vicinity  of  Bainbridge. 
esjmcially  along  Conoy  Creek.’’ 

Since  this  Triassic  conglomerate,  Potomac  marble,  has  never  been 
quarried  in  Pennsylvania  as  a building  or  ornamental  stone  but  has 
been  rather  extensively  quarried  in  Maryland,  the  following  pages 
descriptive  of  it  are  abstracted  from  a report  on  "The  Character  and 
Distribiition  of  Maryland  Building  Stones.”'® 


Potomac  Marble  in  IMarylaml. 

“The  most  interesting  building  material  in  the  entire  state  of 
iMaryland  is  the  "Potomac  niarlde,”  "calico  rock”  or  “Potomac  brec- 
cia,” which  has  been  used  occasionally  for  tlie  greater  jiortion  of  the 
century.  The  chief  interest  in  this  rock  arises  from  the  fact  that 
it  is  the  only  true  conglomerate  or  breccia  marble  that  has  ever  been 
nlilized  to  any  extent  in  the  United  States.'® 

“This  conglomerate  is  found  in  several  places  along  the  eastern 
slope  of  the  Blue  Ridge  and  is  most  extensiveU  quarried  in  the  vi- 
cinity of  Point  of  Rocks,  Frederick  county  near  Washington  Junc- 
tion on  the  Baltimore  and  Ohio  Railroad.  The  quarries  are  small 
affairs,  which  have  lieen  operated  spasmodically.  The  one  in  o])era- 
tion  at  the  present  time  is  located  about  a mile  east  of  the  Washing- 
ton Junction  station  on  a s]uir  wliich  runs  northeasterly  from  the 
Metropolitan  Branch. 

“This  rock  was  first  lirought  into  notice  l»y  Mr.  B.  II.  Latrobe, 
Superintending  Architect  in  the  construction  and  repair  of  the 
Capitol  and  White  House  before  and  after  the  war  of  1S12.  In  his 
report  on  the  public  buildings,  read  Feliruary  II,  1817,®°  Mr.  La- 
trobe gives  the  first  account  of  the  use  of  tliis  marble  as  a building- 
stone,  as  follows:  'For  the  columns,  and  foi’  vai-ious  otlier  ])arls  of 
the  House  of  Representatives,  no  free-stone  that  could  be  at  all  ad- 
mitted has  lieen  discovered.  Other  resources,  therefore,  Avere  sought 
after.  A stone  hitherto  considered  only  as  an  encumbrance  to  agri- 
culture, Avliich  exists  in  iuexhaustilile  quantity  at  tlie  foot  of  the 
most  southeasterly  range  of  our  Atlantic  mountains — ]>rol)ably  along 
the  greatest  part  of  their  extent,  but  certainly  from  the  Roanoke  to 
the  Schuylkill,  and  Avhich  the  present  surveyor  of  the  capitol,  and 

’^Maryland  Geol.  Survey,  -^*01.  2,  pp.  125-211,  180S. 

‘'■>Merrill.  G.  P.  "Stones  for  Buildina  and  Ueeoration, " Xetv  York,  .Tolin  Wiley  and  Sons, 
1891,  p.  92. 

'“Senate  Documents,  14th  Congress,  2nd  Session,  Xo.  101,  pp,  3 ,'ind  6. 


22m 


338 


PLATE  XV. 


A.  Polished  specimen  of  Potomac  marble,  Reading. 
(One-half  natural  size) 


B.  Triassic  limestone  conglomerate,  southeast  of  New  Cumberland. 


probably  otlu'rs,  bad  many  years  ago  discovered  to  be  a very  liard,  but 
beautiful  marble* — Ill's  stone  was  examined,  and.  after  much  labor 
and  ]ierseverance.  has  been  jiroved  to  answer  every  expectation  that 
was  formed,  not  only  of  its  beauty,  but  of  its  capacity  to  furnish 
columns  of  any  length,  and  to  be  aiijilicable  to  every  purpose  to 
which  colored  marble  can  be  applied. 

“The  ]iresent  commissioner  of  jiublic  buildings  has,  therefore,  en- 
tered into  a contract  fur  all  the  columns,  and  progress  has  be(*n 
made  in  quarrying  them.  They  may  be  jirocured  each  in  a single 
block  should  the  transportation  be  found  convenient. 

“A  block  of  one  of  the  pilasters  lies  ready  to  be  brought  down  to 
Washington,  and  will,  jirobably,  arrive  in  a few  days.  The  quarries 
are  situated  in  Loudoun  county,  Virginia,  and  Montgomery  county, 
Maryland.’ 

“The  columns  which  were  then  procured  are  still  standing  in  the 
old  House  of  Kepresentatives,  now  used  for  the  sittings  of  the  Su- 
[ireme  Court.  The  quarries  whence  they  were  obtained  have  never 
been  fully  developed,  although  Mr.  Latrobe  thought  tliat  he  had 
found  in  the  newly  discovered  marble  of  the  Totomac  an  inexhaus- 
tible resource  of  the  most  beautiful  building  materials  situated 
easily  accessible  by  water.  There  is  some  doubt  as  to  the  exact 
location  of  the  ])articular  source  of  these  blocks  used  in  the  caj)itol, 
although  they  were  monoliths  of  considerable  size  for  the  time  and 
the  primitive  means  of  transportation. 

“A  few  years  later  in  his  paper  on  the  geology  of  the  iSoutheru 
States  the  Rev.  Elias  Cornelius’’’^  gives  tlie  following  account  of  this 
brecciated  limestone : 

‘It  is  also  in  the  valley  of  this  river  (Potomac),  and  not  far  from 
its  famous  passage  through  the  lllue  Ridge,  that  immense  quarries  of 
beautifiil  breccia  have  been  opened.  This  rock  was  lirst  brought 
into  use  by  Mr.  Latrobe,  for  some  juxirs  employed  by  the  government 
as  princii»al  architect.  It  is  composed  of  pebbles,  and  fragments  of 
siliceous  and  calcareous  stones  of  almost  every  size,  from  a grain, 
to  several  inches  in  diameter,  strongly  and  perfectly  cemented. 
Some  are  angular,  others  rounded.  Their  colors  are  very  various, 
and  often  bright.  Red,  white,  brown,  gray  and  green,  are  alternately 
conspicuous  with  every  intermediate  shade.  Owing  to  the  siliceous 
stones  which  are  fiaMpiently  imbedded  through  the  mass,  it  is  wrought 
with  much  difficulty;  but  when  linished,  shows  a line  polish  and  is 
unquestionably  one  of  the  most  beautifully  variegated  marbles,  that 
ever  ornamented  any  ]dace.  It  would  be  difficult  to  conceive  of  any- 
thing more  grand  than  the  Hall  of  the  Representatives,  in  the 
Capitol,  supported  at  it  is  by  twenty  or  thirty  ]dllars  formed  of  the 
solid  rock,  and  placed  in  an  amphitheatrical  range;  each  jiillar 
about  three  feet  in  diameter,  and  twenty  in  height.  Some  idea  of 
the  labor  which  is  eni])loyed  in  working  the  marble  may  be  formed 
from  the  fact,  that  the  expense  of  each  pillar  is  estimated  at  live 
thousand  dollars.  The  specimeiis  in  your  possession,  are  good  e.x- 
amples  of  its  general  structure,  but  convej'  no  adeciuate  idea  of  its 
beauty.’ 


On  the  Geology,  Mineralogy,  Scenery,  and  Curiosities  of  Parts 
Mississippi  Territories,  etc.,  with  Miscellaneous 
traitor,  vol.  1,  Amer.  Jonr.  Sci.,  New  Haven,  1819,  p 216 
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“Tlie  words  of  conimeiidatioii  and  the  beauty  of  the  columns  of  the 
('ai)itol  led  the  regents  of  tiie  Smithsonian  Institution  to  investigate 
the  ioealit}'  and  to  consider  the  availability  of  this  rock  for  the 
building  of  the  Smithsonian  Institution.  Accordingly  in  the 
spring  of  1SI7  Dr.  David  Dale  Owen  visited  these  quarries,  Avhiciq 
on  the  whole,  he  found  Avere  Avorthless  for  the  purpose  in  hand. 

“At  the  present  time  the  Avork  in  the  Potomac  marbles  is  carried 
on  almost  exclusively  b}-  the  Washington  Junction  Stone  Co.,  Avhich 
(jnarries  both  sandstone  and  Potomac  marble.  The  former  is  ob- 
tained in  good  size  blocks  but  the  latter  is  Avrought  almost  entirely 
in  small  slabs.  The  marble  is  taken  from  a small  opening  about 
half  a mile  southAvest  of  the  quarry  buildings.  The  conglomerates 
under  discussion  belong  in  the  AeAvark  formation,  Avhich  extends 
along  the  Avestern  border  of  the  Piedmont  ITateau  from  Connecticut 
and  AeAV  York  soutlnvard.  The  development  of  the  Potomac  marble 
within  the  XeAvark  is  not  great  and  there  are  but  feAV  exposures 
w'ithin  the  state.  It  is-  sparingly  developed  north  of  Frederick,  a 
mile  south  of  Thurniont  and  only  barely  re])resented  at  Point  of 
Pocks  on  the  eastern  slopes  of  the  Catoctin  Mountain.  According 
1o  Mr.  Keith*-  this  limestone  conglomerate  occairs  in  lenses  or  AA^edges 
in  the  sandstone  ranging  from  1 foot  to  500  feet  in  thickness,  or 
possibly  even  greater.  They  disappear  through  complete  replace- 
ment by  sandstone  at  the  same  horizon.  The  Avedge  may  thin  out 
to  a feather  edge  or  may  be  bodily  replaced  upon  its  strike  by  sand- 
stone; one  method  is  ])erhaps  as  common  as  the  other. 

“The  conglomerate  is  made  up  of  pebbles  of  limestone  of  varying 
size  Avhich  sometimes  reach  a foot  in  diameter,  although  usually 
aA'eraging  about  tAvo  or  three  inches.  The  fragments,  Avhich  are  both 
well  rounded  and  angular,  range  in  color  from  gray  to  blue  and  dark 
blue,  and  occasionallj'  pebbles  of  quartz,  chloritic  schists  and  Avhite 
crystalline  marble  occur.  All  are  embedded  in  a red  calcareous 
matrix  mixed  Avith  a greater  or  less  amount  of  sand.  The  pebbles 
are  very  similar  to  the  magnesian  limestcme  of  the  Shenandoah  for- 
mation, developed  in  the  Frederick  and  IlagerstoAvn  valleys  and  to 
the  rocks  of  the  conqtlex  Avhich  forms  the  Catoctin  Mountain.  Oc- 
casionally pebbles  sIioav  evidences  of  having  been  decayed  even  before 
Ihey  became  a part  of  the  conglomeratic  mass,  but  this  may  be  due 
to  their  greater  solubility,  since  the  matrix  does  not  sIioav  a corres- 
jxjnding  degree  of  decomposition. 

‘‘The  bedding  so  far  as  it  has  beam  obscu-ved  is  irregular  and  of 
little  importance  in  the  (piarrying  of  the  rock,  the  lenticular  char- 
acter of  the  beds  having  far  more  im])ortance  than  the  position  of  the 
individual  jcebbles  Avithin  the  mass.  In  the  same  Avay  the  jointing 
is  also  a relatively  sidcordinate  feature  since  the  different  degrees 
of  cohesion  betAveen  the  ])arts  of  the  pebbles  and  that  betAAmen  the 
pc'bbles  and  the  matiix  ]day  an  important  part  in  determining  along 
Avhat  ])lanes  a rupture  Avill  take  place.  The  texture  shoAvs  a Avide 
A'ariation  in  the  size  of  the  grains,  in  the  character  of  the  material 
com])osing  them,  and  in  the  relative  amount  of  matrix  betAveen  the 
gi-ains  and  pebbles.  This  Avide  range  in  the  size  of  the  particles  and 
in  their  abundance  leads  to  maiAy  difficulties  in  polishing  the  rocks, 
but  the  difference  betAveen  the  hardness  of  the  limestone  and  that  of 
the  quartz  pel)bles  is  jAarticularly  a source  of  expense  and  annoyance, 

s^Keitli,  Ai'thui',  Geology  of  tlie  Catoctin  Belt.  14th  Ann,  Kept.  U.  S.  Geol.  Surv.,  part  II,  p. 
340,  Washington,  1894. 
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since  the  liaid  (quartz  pebbles  break  away  from  llie  softer  parts  in 
whieli  the}'  lie,  leavin*;  numerous  cavities  to  be  lilled  with  colored 
wax  or  shellac.  This  difference  in  the  hardness  and  material  of  the 
[>ebbles,  together  with  the  conglonnu-itic  character  of  the  mass  ex- 
cludes the  use  of  hammers  and  chisels.  Any  satisfactory  (piarryiug 
of  the  blocks  must  be  done  with  saw  and  abrasive  materials,  it  is 
this  dilticulty  in  the  working,  together  with  the  fragile  nature  of 
the  stone  itself,  which  has  kept  it  from  the  conspicuous  place  in  the 
market,  which  its  oddity  and  beauty  deserve. 

"The  chemical  composition  of  Itreccia  can  scarcely  be  determined 
from  a single  analysis,  and  tlie  ligures  obtained  from  an  average 
of  several  analyses  may  be  of  little  account.  The  values  obtained 
depend  veiy  largely  on  the  accuracy  of  the  analyst,  the  Ihieuess  of 
the  grain,  the  homogeneity  of  the  specimens  and  the  number  of 
samples  taken  to  make  an  average  test.  Higgins®®  gives  the  follow- 
ing as  ‘the  average  of  various  analyses  made  of  the  Breccia  mai-ble, 
or  Calico  limestone,  found  in  Mcmtgoniery,  from  Avhich  the  pillars 
in  the  House  of  Representatives  at  fi'ashington  are  made:' 


Sand  12.25 

Iron  and  clay  l.iA) 

Lime,  a.s  carbonate  70. .5(1 

.Magnesia  1.5.' (j 

Other  constituents  not  uorthy  of  mention  0.2.j 

Total  id). 00 


“This  is  probably  of  little  value  iu  itself  and  should  have  no  Aveight 
in  estimating  the  vtilue  of  the  marlile.  The  stone  is  lairticularly 
suited  to  mosaic  Avork  and  interior  decorations,  and  should  not 
attempt  any  conpietition  as  a structural  material  Avith  the  stones 
noAv  in  common  use. 

‘•The  inliueiice  of  microscopic  structures  iu  a stone  like  this 
breccia  is  more  than  over-balanced  by  the  variations  in  Ihe  larger 
structural  features  of  the  rock.  If  the  microscojie  or  hand  lens 
shoAvs  that  the  stone  is  sufticiently  line  and  homogeneotis  to  take  a 
good  jiolish  Avith  fcAv  minute  irregularities  on  the  surface  that  is 
sufticieut,  still  experiimce  clearly  shoAvs  that  this  rock  Avill  take  a 
good  Jiolish  and  that  it  Avill  Avithstand  any  pressure  to  AA'hich  it  may 
be  .subjected  as  au  ornamental  or  decorative  stone. 

"This  unique  material  deserves  to  lie  fully  exjiloited  and  jmshed 
as  a novelty  in  the  highest  class  of  interior  furnishings,  it  is  be- 
lieved that  a demand  might  be  created  for  this  stone  in  scuiie  of  the 
best  Avork  Avhich  is  done  in  Xoav  Yoi-k,  rhiladeljihia,  Washington  and 
othei-  large  cities.  Avhere  there  is  a call  for  matmuals  AA'hich  are  suit- 
able for  doors  and  other  interior  decorations,  striking  iu  color  and 
texture  and  of  jileasing  contrasts.” 

^^Sccoiul  Kept.  Jas.  Higgins.  State  Agr.  Chemist,  .Vumiimlis,  i>.  .'ih. 
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CHAPTER  IX 


SUMMARY  AND  FUTURE  PROSPECTS  OF  THE 
LIMESTOXE  INDUSTRIES  OF  PENNSYLVANIA. 


Ju  tlie  loi-egoiiig  pages  descriptions  of  the  various  limestones  of 
llie  State  have  heen  given.  It  has  been  shown  that  there  is  a wide 
vai  iety,  r(  jiresenting  almost  evei\y  type  of  limestone.  Some  of  the 
vai-ieties  are  unexcelled  ain^where  whereas  others  are  of  poor  qua- 
lity and  cannot  successfully  compete  with  better  grade  stone  from 
other  States.  Cement  and  lime  made  from  Pennsylvania  limestones 
ai-e  shi])]ted  in  large  (]uantities  to  other  States  and  even  to  foreign 
countries  but,  on  the  other  hand,  limestone  and  marble  for  building 
and  decorative  purposes  are  brought  into  Pennsylvania  from  both 
2iearby  and  remote  localities.  Much  fluxing  limestone  from  other 
States  is  also  used  in  the  Pittsburgh  district  but  this  is  partly  be- 
cause transportation  charges  are  less  than  for  stone  from  the  eastern 
1 aid  of  the  State. 

Limestones  of  some  kind  are  jiresent  in  almost  every  county  al- 
lhough they  are  sparingly  represented  in  the  nortliern  third  of  the 
State.  The  entire  northern  tier  of  counties  is  markedly  deficient  and 
in  addition  in  a number  of  other  counties,  particularly  in  the  north- 
( astern  part,  the  limestone  strata  are  feAv  and  thin  and  of  little  eco- 
nomic importance.  Yet  <u’en  in  those  localities  limestones  have  been 
quarried  locally  for  agricultural  lime  and  occasionally  for  other 
jairposes. 

Building  and.  decorative  pur  ponies. — -For  a number  of  years,  in  fact 
(‘V(M-  since  tlte  extension  and  inqu-ovement  of  railroad  transportation 
made  available  tlie  excellent  limestone  from  Indiana  and  the  superior 
marble  from  Ni  w England,  Georgia,  and  Alaliama,  and  since  the  de- 
cided increase  in  the  cost  of  labor  the  quarrying  of  Pennsylvania 
limestones  and  marbles  for  building  and  decorative  purposes  has  been 
on  the  decline.  At  present  very  little  building  stone  is  being  produced 
and  practically  all  that  is  quarried  is  for  local  use  for  foundations, 
walls,  and  other  rough  construction.  Numerous  houses  built  of  Penn- 
sylvania limestone  can  be  seen  throughout  the  State  but  nearly  all 
of  them  were  built  before  the  Civil  War  and  many  date  back  to  the 
earliest  settlement  of  the  Stape. 
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Marble  was  at  one  time  quarried  in  a number  of  places  in  Mont- 
gomery and  Chester  counties  and  shipped  into  Philadelphia  but  no 
quarry  in  the  State  is  furnishing  marble  to  the  building  trade. 

Limestone  and  marble  for  building  purposes  are  readily  available 
l)ut  they  have  not  been  in  demand  in  recent  years.  The  few  people 
who  now  build  houses  of  limestone  are  likely  to  specify  the  Indiana 
limestone  that  is  so  favorably  known  and  so  widely  used  throughout 
tlie  entire  country.  The  large  well-equipped  quarries  of  that  State  are 
so  able  to  supply  the  desired  quantity,  in  the  specified  sizes  and  on 
short  notice  that  it  would  be  difficult  for  a Pennsylvania  firm  to  com- 
pete. Further  the  limestones  that  .should  furnish  the  l)est  building 
stones  lie  in  the  southeastern  part  of  the  State,  in  the  lielt  where  the 
strata  have  been  greatly  folded  and,  in  most  instances,  rather  badly 
sliattered.  The  folding  of  the  strata  increases  the  cost  of  quarrying 
:ind  the  breaking  of  the  rocks  renders  it  more  difficult  to  obtain  stone 
of  dimensional  sizes  and  increases  the  amount  of  waste.  It  therefore 
seems  that  there  is  little  prospect  of  the  State  materially  increasing 
its  output  of  limestone  for  building  purposes  in  the  near  future. 

In  regard  to  marble  somewhat  similar  conditions  prevail.  Un- 
usually attractive  marble  can  be  obtained  in  the  limestone  belt  that 
(‘xtends  from  Montgomery  County  westward  through  Chester,  Lan- 
caster, and  York  counties  and  into  Adams  County  but  it  Avould  re- 
([uire  a considerable  investment  of  capital  to  open  a quarry  and 
equip  a marble  plant  and  the  past  history  of  marble  quarrying  in 
the  region  does  not  offer  much  encouragement.  A property  north 
of  York  that  was  explored  by  diamond  drill  contains  some  beautiful 
stone  and  it  seems  as  though  it  might  be  Avorked  Avith  profit  inasmuch 
as  most  of  the  refuse  would  be  in  demand  for  high  grade  flux  or  foi- 
the  manufacture  of  chemical  lime. 

The  “Potomac  marble”  of  the  Triassic  that  is  developed  in  Berks, 
Cumberland,  and  York  counties  is  an  unusual  stone  that  compares 
favorably  Avith  many  of  the  highly  colored  foreign  marbles  but  it  is 
problematical  as  to  AAdiether  it  could  be  Avorked  economically. 

Crushed  sione. — The  demand  for  crushed  limestone  for  concrete, 
road  metal,  and  railroad  ballast  has  been  steadily  increasing  and 
the  quarries  of  the  State  have  more  than  supplied  the  State's  needs. 
Some  material  has  been  furnished  to  adjoining  States  but  seldom  is 
crushed  stone  shipped  far. 

The  Cambro-OrdoA’ician  and  Helderberg  limestones  of  the  central 
and  southeastern  counties  are  particularly  good  for  these  ])ur]ioses 
and  it  is  rather  rare  to  find  limestones  in  these  formations  that  fail 
to  meet  the  rigid  specifications  of  the  State  Highway  Department. 

The  Carboniferous  limestones  of  the  south Avestern  and  Avest  cen- 
tral counties  are  less  satisfactory  but  there  are  many  places  Avhere 
they  yield  suitable  material. 
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There  is  no  iiidicatiou  that  the  (haiiaml  for  crushed  limestone  is 
likeiy  to  decrease  and  even  though  tlie  rapid  increase  of  the  ]»ast  de- 
cade should  continue  there  will  he  no  difficulty  in  meeting  the  demand. 

Pulpvrized  ftfoiic. — I’ulverized  limestone  for  fertilizing  ])ur])oses 
and  for  use  as  a tiller  has  not  been  produced  in  Pennsylvania  in 
large  quantities  in  thp  past  but  the  output  is  slowly  increasing. 
Limestone  of  suitable  com]msition  is  not  lacking. 

The  glass,  ceramic,  ]»aint,  and  other  manufacturing  industries  re- 
quiring limestone  have  been  able  to  secure  satisfactory  material  at 
many  places  throughout  the  limestone  sections  of  the  State. 

FJux. — Almost  any  kind  of  limestone  can  be  used  for  flux  and 
during  the  time  that  iron  ore  was  mined  and  smelted  in  almost  all 
]>arts  of  the  State  local  limestones  were  used  almost  universally. 
With  the  change  that  has  come  about  by  which  practically  all  the 
iron  mines  were  abandoned,  the  small  furnaces  torn  down  and  the 
iron  and  steel  industries  concentrated  in  a few  places  and  dependent 
upon  ores  originating  from  without  the  State  there  has  been  a de- 
mand only  for  limestones  of  the  best  grade.  Although  Pennsylvania 
can  and  does  produce  the  two  desirable  types  of  limestone  demanded 
— low  silica,  high  calcium  stones  and  low  silica  dolomites^ — consider- 
able limestone  flux  is  shipped  into  the  State.  The  Pittsburgh  dis- 
trict in  particular  obtains  its  low  silica  dolomite  primarily  from 
West  Virginia  as  no  satisfactory  stone  of  this  type  can  be  obtained 
from  the  western  part  of  the  State.  The  Vanport  limestone  that  is 
developed  over  a large  area  north  and  northeast  of  Pittsburgh  fur- 
nishes only  part  of  the  high  calcium  stone  needed  and  supplies  are 
brought  in  large  quantities  from  other  States,  particularly  Michigan. 

The  iron  and  steel  plants  of  the  eastern  ])art  of  the  State  obtain 
nearly  all  of  their  fluxing  limestones  locally  although  even  here 
material  is  shi])ped  from  adjoining  States.  For  example  the  Bethle- 
hem Steel  Co.  operates  a large  quarry  at  McAfee,  N.  J.  to  supply 
high  grade  limestone  for  its  Bethlehem  jdant. 

Notwithstanding  the  fact  that  Pennsylvania  does  not  sup]dy  all 
the  fluxing  limestones  used  within  the  State,  the  production  of  such 
material  by  the  quarries  of  the  State  is  large  and  will  certainly 
continue.  The  reserves  are  ade(iuate  to  su])ply  the  demands  indef- 
initely. 

Cement. — From  the  beginning  of  the  cement  industry  in  this 
country,  Pennsylvania  has  been  the  leading  producer  and  for  many 
years  produced  more  I’ortland  cement  than  all  the  other  States. 
At  present  it  ]*roduces  about  om>-fourth  the  entire  production  of  the 
United  States. 
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Tills  eiivial)l(‘  ])ositiou  lias  liiaai  niaiiitaiiuMl  bi'canse  of  tlic*  ornir- 
eiice  in  Leliigli  and  Northampton  counties  of  the  best  cement  liim-- 
stoue  to  be  fonnd  anywhere,  rortland  cement  can  also  be  made 
from  other  limestones  bnt  Avith  the  exception  of  a feAv  companies 
that  nse  the  Vaipiort  limestone  of  the  Avestern  part  of  the  State  and 
the  mannfactnre  of  cement  from  furnace  slag,  the  cement  industry 
is  still  contined  to  the  Lehigh  district  Avhere  it  originated.  Lime- 
stones suitable  for  cement  are  fonnd  in  seA'eral  other  places  bnt  it 
is  doubtful  AA'hether  there  are  many  other  sections  in  the  State  Avhere 
Portland  cement  could  be  manufactured  Avith  profit  on  account  of 
the  keen  competition  that  Avoubl  result  Avith  the  AAadl-established, 
greatly-faA’ored  section  of  Lehigh  and  Northampton  counties. 

The  sujiiily  of  cement  rock  in  the  Lehigh  district  is  so  large  that 
Pennsylvania  Avill  long  maintain  its  jireeminent  ]>osition.  The  situa- 
tion in  the  Avestern  ]>art  of  the  State  Avhere  the  Vanport  limestone 
is  utilized  is  not  so  favorable  but  if  underground  mining  methods 
are  employed,  as  have  already  biaui  done,  Portland  cement  Avill  be 
produced  there  for  many  years. 

Jjime. — Although  Pennsyhania  does  not  lead  in  the  production  of 
lime,  nevertheless  it  is  among  the  leading  States.  L<inie  for  practi- 
cally every  ])urpose  for  which  it  is  used  is  made  Avithin  the  vState. 
Although  most  is  used  here,  large  (piantities,  especially  of  the  bettei- 
grades,  are  shi])ped  beyond  its  boialers. 

Agricultural  Huu'  for  the  soil  has  been  ])roduced  in  every  section 
where  limestoiu's  occur.  Small  lime  kilns,  most  of  them  now  in  ruins, 
can  be  found  in  every  limestone  section  of  the  State.  Their  decadence* 
is  OAving  to  diminished  use  of  agricultural  lime  by  the  farmers  and  tin* 
change  from  the  small  jilant  used  intermittently  tee  the  larger  bett(*r 
i*(iui]>i)ed  operations  running  continuously.  Many  of  the  limestomes 
of  poor  (piality  are  no  lougei*  utilized  as  the  larg(*r  plants  ai*e  ImiK 
Avhere  good  stone  is  available.  Agricultural  lime  is  still  ])i-odiiced 
widely  throughout  the  State  and  A\ill  long  continue  to  be  ])roduc(*d. 

Lime  for  plaster  and  mortar  maiidy  comes  from  the  central  and 
southeastern  counties  Avhere  there  arc*  a.  numleer  of  large  0])era1ioiis. 
The  Cambro-Ordovician  and  lleldcu-berg  limestones  are  used. 

Chemical  lime  used  iu  the  manufacturing  industries  must  confoian 
to  very  rigid  s])ecifications  and  there  are  only  a fcAv  districts  A\  here  it 
is  produced.  IMost  of  this  is  made  from  the  unusually  high  gi*ad(* 
Cambro-Ordovician  limestones  of  Cliestei',  Lancaster,  York,  Lc'banon. 
and  Centre  Counties.  The  Helderberg  limestones  also  yield  chemical 
lime  in  a fc*Av  localities,  as  for  example,  near  PrankstoAvn,  Blair 
County. 
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The  lime  industry  of  the  State  should  coutiuue  to  hold  the  proiu- 
iueut  position  it  Jiow  enjoys  and  should  increase  if  the  demand  grows. 

Magnesia. — The  extraction  of  magnesinm  oxide  and  magnesium 
carbonate  from  high  grade  dolomites  is  a local  industry  developed  in 
Montgomery  and  Chester  counties.  The  supply  of  suitable  stone  is 
probably  not  large;  yet  there  are  other  sections  where  it  occurs,  and 
doubtless  similar  stone  might  be  found  in  a number  of  localities  if 
careful  search  was  made. 

• PRODUCTION  STATISTICS. 

In  1922  the  rej)orted  daily  capacity  of  741  kilns  in  Pennsylvania 
lime  plants  was  3,555  tons.  Of  476  kilns  whose  type  is  recorded  133 
are  pot  kilns,  223  patent,  3 gas,  2 rotary,  and  115  field  kilns.  These 
476  kilns  use  fuel  as  follows : coal  383,  coke  84,  Producer  gas  5,  oil 
3,  wood  1. 

The  following  tables  were  compiled  from  Mineral  Eesources  of  the 
United  States,  published  annually  by  the  United  States  Geological 
Survey. 


Limestone  sold  in  Pennsylvania  and  in  the  United  States,  1919-1923. 
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(a)  Statistics  fer  P(  iinsylvania  not  imhlished  separately  on  account  of  few  producers. 


349 


II [/(Iraicd  Hiiic  stjid  in  Pcinisijlniiiift  and  in  the  t niicd  >Uaten, 


Sliort  tons 

Value 

lino 

Wu 

IV. S.  - --  - --  

320,819 

$1 ,2;>',7>9 

1911 

\Vn.  

1912 

m.s.  

\Pa.  

304,593 

1. 372, 057 

IV. S.  

416,890 

l,S20,0ii4 

1913 

\Pa.  - 

1911 

(U.s.  

\Pa.  - - - 

493, 2«9 

2 , 203 , 057 

IV. s.  _ 

51 5, 1-21 

2,239.910 

ll'l.j 

\Pa.  _ _ - 

(r.s.  ..  

381 ,114 

2,437.f;02 

I!)l« 

iPa.  „ - 

r'’6,890 

n'.s.  

717,382 

3 , 626 , ! '88 
974,036 

1917 

iPa.  --  - 

142,2.3-1 

]V.H.  

700,137 

4,043,004 

mis 

\Pa.  . _ 

P 126, 9.57 

IV. 

620,216 

5, 1342, 113 
1,607,000 

1919 

\Pa.  

166,282 

)r.s.  

777.408 

7,061 ,146 
1,884,787 
9 2S7  .362 

1020 

iPii.  

169,630 

853.116 

/u.s.  _ 

1921 

\Pa.  

135,917 

792,970 

172,179 

1,311,07s 

/r.s.  _ 

1922 

(Pn.  : 

1,571.700 
9,868,080 
1 ,710, 2C9 
12,220.59s 

?r.s.  __ 

1,106,063 
177, SI6 

\ . _____ 

U'.s.  

1.22.3,928 

— 

I'lirtland  ccnieni  pntd iirrd  in  Prnn-‘^//li:  nia  and  the  t'nUcd  Stairx, 

! did  1922. 


Proiluctioc 

Shipment.? 

.Active 

lilaiits 

Barrels 

Barrels 

A’alue 

.Average  fac- 
tory price 
per  bbl. 

lOlO 

U’a.  ___ 

2.3 

26 

673 

078 

819 

331 

268 

80.73 

1011 

/U.s. 

111 

76 

549 

951 

C8 

203 

800 

.801 

\Pa. 

25 

26 

864 

670 

27,539  070 

IS 

918 

1&5 

.6-7 

1912 

;u.s. 

115 

7s 

■52.S 

637 

8.5, 012, .550 

00 

109 

800 

.813 

\Pa. 

23 

26 

141 

338 

27,5:19.070 

18 

91S 

1G5 

.087 

1913 

}V.S. 

no 

82 

43S 

090 

S.5,01-p.550 

60 

109 

800 

SI3 

\Pa. 

28 

701 

SJ5 

2S,0tW.495 

•n 

268 

800 

.8f;5 

1914 

(1  .S.  -- 

113 

02 

097 

131 

.88,0.80,377 

so 

103 

073 

1 . O'  5 

\Pa. 

20 

26 

570 

131 

25.985,106 

20 

944 

787 

.806 

1915 

'll  .s. 

no 

ss 

230 

170 

86,437,0.36 

SO 

ns 

475 

0>7 

(Pa.  

20 

28 

CAS 

041 

28,188,450 

20 

2,52 

roi 

.718 

1016 

?r.s. 

100 

S.3 

014 

007 

86,891.6-1 

74 

756 

674 

\Pa. 

•^0 

27 

147 

28, 743, .510 

OJ 

015 

‘■’08 

.071 

?u.s. 

113 

01 

521 

198 

04, 55-’,  296 

104 

2.58 

216 

1 103, 

1017 

\Pa. 

21 

■v~ 

752 

8:^8 

27,700.44-^ 

34 

512 

.0,88 

1 *25 

1018 

KPS. 

117 

02 

SI  4 

202 

00,703,474 

P'>2 

08<^ 

iPa.  ___. 

21 

22 

628 

001 

22,238,089 

600 

9.36 

1 31 

1010 

?U.S. 

114 

71 

081 

66.3 

70, 91 5.. 508 

113 

43 

153 

313 

\Pa.  

21 

25 

32.5 

173 

20.2.'4),077 

I'-’O 

52.'^ 

1 64 

1020 

)r.s. 

111 

,87) 

1 1 

033 

85,612.800 

l-'6 

734 

814 

(Pa.  

21 

28 

269 

314 

27.662.116 

52 

63-^ 

08'^ 

1 96 

1021 

^u.s.  __. 

117 

100 

02.3 

243 

90.311,719 

104 

430 

0'»5 

0 n’ 

^Pa.  ___. 

22 

07 

628 

508 

26.622,367 

46 

8S1 

6-'3 

1022 

11.3 

08 

,842 

040 

95,507,147 

180 

77^^ 

415 

(Pa. 

33 

276 

093 

34,023.60.5 

.328 

002 

102:1 

KPS. 

lis 

114 

780 

984 

117,701,216 

‘■>07 

170 

4.‘>0 

(Pa.  ___ 

38, 

157, 

4S2  , 

.38,010.8.52 

09. 

70‘>. 

343 

1 ^1 

K -S. 

J:'6 

];;7, 

460, 

[ 

135,912,11s 

P5P 

< -4, 

1.4 

1 . 1*0 

350 


® 5 


>5 

bjO 


o 


OJOCQi-.oCio-tooj'M 

lo  irs  »o  O i'-  O c::  r—  m -r  c;  ' - Ct:  co  CO  ir? 

ot>i25coc>X'TC5r^iA  rHOOocof~o^-^ 


«o  j>- O tr  •+  30  r - ^ • * 

^COlOOOOlCO'-«0-^t-('^Ji''^<^ODUwi 

cicoco  ino5oo<;c>-or-i-^  libioc^ooirtcNr 


3O'^'^?0C/''l>C0t— ir-iCO^I'-C 
DO«OCOl-'C■r^1CO■r^•C;^0?br-lC 
nC-iCOOOOwCOOi-HOOl— iLOOC 


^gSi^^gccoo'Si^cocoi^Sco'Si^^tt, 
ci  lO  cr.  O Ci  I'-  Vj  Ol  X--  CO  X>»  UO  u-  -.r  o 


i-:OCi«0'3'rH<MC3  0i00OOc<ji-i':cc0Or;G 
Ol^ir3-r+|OlC5ir50irrrHO^COaX^«£!L-~r' 
O)£^t'-40lCi— (i-hCOCCCOCOOCOSsl-^"  ' 


-j<coT-(Coy?<ciox>toiAc52;coc<icocoooe'] 

— LOinCiOx-~CiX^oCicoS^i--io»-^^ 

MO-^C'3£-~'^ur5i— i';Olc«0'33oocOOO>SS 


O C5  CO  IM  X>  CO  <»  O "O  ^ 

-H  '!j<  rl  ?D  1-U>-  XOC'JSDC-'J 


OOeOcOoD-r?-. 
O LO  o CO  C 

I— i -rfi  C-)  <X  r 


- CO  <5  CO  LO  C. 
5 rp  C£)  lO  r{H  CO 
3 X>  h-  UO  ci  CO 


CirH'-f'^OjCOCOLftJ>COCOCOC'3ir3JO-t 
.-(j>-4'i-Hi.ocou5rH  coo6'^C'5i^5-=f!^S 


■niOOCOCO^COOi’i'JC^rHC^tlOf^OjajC:: 

-r<  O ■:©  c:  c>t  'rr-^  cco>u:)C^x>p-c^o 

',Ccb)0'25r'^S:^^'^<3^'^o>ocofo 
i_0  CO  Cl  O OC  CO  55  CO  7t  lO  CD  I>  O M I' 


y ID  CO  Cl  < 

Ol  fl 


CO-^t^iCOOCCr- (OOlOlCOOStODJCOobcO 

i-~  CO  IQ  O O £ O:  is 

^ CO  Cl  O CO 


>t:-c:^C'j^oc:x^i>'Tp--f^coci 

ocii-^ocoor-eiOcocQrsoci 


00  o o CO  CO  CO  x^  CO  o 00  c rH  •-}<  o CO  oo 

^ Cl  l--  X'-  CC  O O CO  00  c©  O;  CD  K 00  CO  ?i  CD 

^rH  03i— i.Qr-HCD  Tfi  ID 

2;|  01  CD  <51  •»■  Q CD  JO  IQ  C ■ 00  I— I CM  00  I..  Ci_ 

QOuQi-HCOGMOLQr-ir'~:jfCDOrriQt>_ciO 
OOrHl'-ClOlCCCl^^OTl'CiOlr^SdOlQ^l^^ 

CO  ^ o-T’oo  CO 


^ O LQ  LQ  OO'O  O')  IQ  Ml  CO  ' 

_.  ^ ^ 

- - . w 

_T  . *■  *^  * "^ 


I O CO  x--  *Q  T 

I ^ CD  <>!•  < 


I 00  CD  X-  »Q  Cl  o O r-(  r-, 

I iC-  r- 1 CD  C-J  CO  LQ  CM  CD 

I ©9- CO  CJ  Co  IQ  CO 


20  OJ 

CO  CM  CD 


iTji*^r-i^C000C'li>O 
iiQOJXlQCOrH-^-^Cl 
I 01  CD  OX  O Cl  -Q  O.H-~  CD 


• aS  , 

3 cm  CO  W OM  P-,0 
CD  I- 


(h  W 

o a 
^ o 


Xh  CO 

o c 
^ o 
c^'  •*-' 


n ^ 

S c 


IQ  CD  — ' ox  CO  oc  CO  UQ  t-H  I'-  00  -f  Sji  00  1-H  1>  T 
CO  Cl  O r—  cc  CO  I— ' t Cl  -t-  x-  (M  cc  CO  Cl  oc  o 
. — .— . *0x6x05010000"" 


IQ  o i IQ  .-•  r-  CO 
CD  CO  -r}<  CD  X-  ' - 
T-1  1-  OJ  - 


CO  c6  CD  50  LQ  C 
f-'  cD  t-~  CD  CD  -f  C 


Tf  !— I Cl 

CO  x^  00 
,.  00  CO  CD 
’S'  CD  oj  i> 


X-OlxM>r-lOO'MOii—COOXX'-X^iQ-^C>ClCl 
IQ  I— ( I-  OO  CO  CD  r-l  x^  CD  1—1  ox-  XQ  -TO  ox  CO  o 
CD  00  i-(  T-H  X'-  IQ  I— 1 X^  00  IQ  00  Cl  00  I— I c-x  Ol  cc 

OCDClCOCOxQX'-iQCOXQCDiQCOlQlQOCr^r-T 

iQT-‘:DiQX'~iQX^OJX'-COlQCDrrCOXQi-l50^ 

OMCOCOCOCOCOC-XCOCO 


CD  00 1>-  c:  CO  IQ  1-1  o OX  OI  o Cl 

— f,  Oi  CO  — — — . 


i^COCG-T}<COiQCOCOCDXQ01CD'C*'t^rHiQCOO 

SCCW0lr-it>.'-t<5O'n'ClG  COCOOXCCCOOX 
i-HOOxoi-^co^x—  cox—  Oi-ioi<doc>5oo 


0<0  0-Xr^COX—COl-i-lOXOi-iX—OXOCDrHr- 

gCOiNOlO&^-rCOCOCOlQCDOXCDOXr-iiQ 
CD  X-  XQ  CD  OX  C O CO  CD  00  C/j  CD  X-  rji  X^  O to 

Xq"  CO  00  50  CD  OO  Q r-^  OX^  OO  OX*"  W Oi  -ir  X>TcM  CM  o 

-<*lQi— (rH-TiC0OCl50C0OX0XQC0C0i—  I— i-T 

50  CO  CO  to  Ol  -n  ox  CO  ox  -rfi  ox  CO  r-1  O-X  1-1  O-X  T-t  Ol 


Li.  OCO'^'l'XQ-rrcy.COC/Ji-HCO'rtiCOX^XQi— IOC 
COr- iCDi-lOTtirt'OOCOi— 'X—  COCin'CCOl-t'CO 
r-1  X-  ox  CD  IQ  OO  X-  CO  OI  CO  -TTI  CD  Tji  -Ji  O OO  to  CO 

Cl  ox  ox  Cl  CO  O 1— ' 1-1  -t*  'ib  Cl  T-H  00  o CO  CO  1— ■" 

31— ( CO  IQ  CO  1— I OI  CO  I—  CC  ox  CD  CD  >Q  ox  O CD  Oi 

00  Cl  CO'  Cl  X-  O X-  IQ  -T  CD  OI  O . O I Cl  --*1  IQ  UQ 


OCDiQOOCOCOOxCOCO-' 
COClClCDiQOlCOOCOC..-.  .- 
OXCDOClto'rti'>:T<r-iCi-^50-^r 


r CD  OX  Cl  OX  CO  CD  XQ  r 


I 00  J.Q  X-  Cl  CO  IQ  t-  r 
■">  CO  CO  CO  '^i  OD  C 
I OI  OX  CO  OX  r 


SUIl>( 

JO  .ioquxi\si 


H CD  1 

I 


SltlBld 

}0  Jii((i.unx 


r-lOXQCOCMXQOlCDX—J—OXLQCOOX— 
IQ  O CO  X-  OX  Cl  CD  Cl  CO'  CO  CD  i-H  CO  OI  X- 
•*^01C0X-0X^Ql-(■^r^LQl-.LQ^-(XQ^-l 


j ^ j ^ • CC  • CC  j CC  -:c  'j: 

n • a .C3  .c3  .c3  - 5C  .ce  *c;  .53  • 


I 


0 


lAiiic  coiisiuiied  ill  fA’iiii-siflnniia  and  in  thr  Uiiiied  Stafesi,  in  short  tons,  1916-102d. 


351 


s = 


C 

.9 

p. 

£ 

c 

a 


Total 

g| 

siSliliiSsligS 

liii!gili$iiliig| 

^ CO  CO  CO  CO  oi  CO  -r 

i 

i 

i 

iiSSggSlliSgiS 

G 

giSieeHSHgssiii  : 

ZJ 

4^ 

2 

;' 

?. 

1 

s 

i 

i 

giSffiligiiiigsi  , 

o 

E 

liiSi^pppiil 

] ■£ 

■ 

1 ^ 

25 

G « 
GW 

c 


n 

S £ 


giigiissiSiiii:§  s 


iiiisiiifeSiiis  I 


M ei  I 


I 


iSISSliaiSgsis-g 
iillsigigiliSi  I 

-iT  CO  CO  CO  CO  C-i  M 


i i i i M I 


Gi'  Ci  Ci  ^ 


1 I § S 3 


(352) 


INDEX 


A. 


1 ':u;i  . 


Aoheson 25o 

Adams  Corners 2Sfl 

Adams  County  limestone. K'3 

analyses  (»f in?, 

-Vdams,  Gabriel 204 

•Mien  Cement  Company Ill 
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I lillmeyer 

Billmeyer.  Alex,  quarry 

Biolite 

Bird’.s  eye  limestone,  . 

Birmingham 

Bittenbender  iron  mine. 
Bittinger 


89 

108 

204 

204 
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Calcinm  Brodncts  Company,  ....  226 


Calcium  salts 

Calico  rock.  101.  L'lM.  H20.  'Jl’!). 

analyses  of  

Calvert  Heirs,  quarry 

Calvin  Hun 

Cambria  Steel  Comiiauy 


1.1.  L’11.  liOT. 


ace. 

27 
:!17 
::  n 
2S8 
270 


1.12, 


Camhro-Ordovici.-m  limestone. 


l.K),  101. 
100.  .118 
..07,  M24 


11 

7.‘! 

40 

220 

220 

.110 

l.ll 

.11 


uses  of,  

Camp.  .7.  M..  cited 
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111.  ;:2i.  14:; 
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P.  O.) 228,  220 
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D. 
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Daly,  R.  A.,  cited, 
Damourite, 

Danville,  

Davidson 
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section  at 187 
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Franklin  limestone 63,  65,  124,  125 
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Ihiije. 

Gahbro,  64,  65 

Gaheenville 308 

Galena 16,  213 

Ganister,  162 

Gap 80 

Gardner.  <!.  1'.,  ipiarry 285 

Gardner,  .1.  II.,  cited 271 

Garland,  Henry 231 

Garnet 15.  31,  64 

• larrett  Kiin 311.  312 

Gealey,  T.  M 303 

(lehlenite 1C, 

tleissiuger.  Cyrus,  quari-y 107.  198 

Generalized  columnar  table 8t> 


(Generalized  section  on  Delaware 


Itiver,  

174.  175 

Generalized  section  on 

Lehi.gh 

Rivpi*,  

170 

(leologic  time  scale  showing  occur- 

renecs  of  limestnnc.  . . . 

.58  C.(> 

( leorges  Itnn 

253 

(Icorgctown 

203  275 

(lihboiis.  Samuel,  quarry. 

81 

(lillqiiist,  R 

291 

Girfv 

308 

(ilace.  Samuel 

113 

Glade  Mountain 

270 

. 24.5  .31 1 

Good  Intent 

2.56 

24 

Golden,  G.  Fdward 

2.31 

Coll.  .Tolin,  qiiarrv 

I'Hi 

( lothite 

17 

( Irafton 

2‘M 

section  at 

-*20 

• Irah.'im,  Ringard,  quarry. 

286 

( Iranite 

66 

Graiddte 16.  31. 

30.  63.  64.  76 

(trnptolitc,  

121 

Grays  Fldy 

310 

Great  Rend 

233 

Great  ('aeapon  Ri\er.  ... 

172 

Great  Valley (iO,  70.  105.  137 

Great  Valley  limestones.  . 

1.32 

Greenlirier  limt'stone.  17. 

18,  241.  26.3. 

260.  270.  272 


Freeburg 101 

Freemont  (Mt.  I’leasant  Mills.  101,102 

Friedensville 16.  33 

Fritz  Island 33(i 

Fritztown,  33(i 

Furlong  (llushington) 74 


section  of 2('3 

(Greencastle 140 

Grcendale,  30.8.  3.1.'’. 

Green  Lawn C>5 

Gross,  IValter 160 

(Irifilth,  Edwin,  iiuarrx' 287 


Crirtith,  Evan.  . . 
Grossman  Hoir.s. 


ilKC. 

2S3 

290 


Grovania,  

1 7.3 

section  at 

210, 

211 

rjrove  Citv, 

Grove  City  Limestone 

Co 

284 

Grove  quarry 

102. 

20!> 

Guest’s  qnarr\' 

05 

Gv])snm 

124 

H. 

Hale.  1).  .1.,  citeil.  . . . 

25 

Hallston 

289 

Ilargns  Creek 

247 

Hamilton,  .Tosepli.  . . . 

290 

Hamilton  limestones.  . 

187 

Hamilton  quarry.  ... 

188 

Hanover, 

68,  !)•>,  91 

. 98 

Hanoverville 

111 

1 larmony  Mercantile 

Co 

299 

Harmon  qnarrv,  .... 

180 

Harpers  Ferry 

.3.34 

Harris,  Boyd,  qnarrv. 

284. 

288 

Harrisburg 

71 

I larrisville 

.284.  287.  290. 

: 91 

Haviee  Valley 

165 

Ha'/eldell 

Hcbor  qnarr.v 203 

ireiin,  Mrs.  .To.sfpli 193 

H't'inz,  G.  M'.  qnan-y 286 

T rpl(iorl)erg  liniosfoncs.oT.  38.  170.  174, 
175,  178-180,  183.  185.  187.  191.  194. 
19ti,  197.  200.  203.  208.  212.  213.  215- 
217,  221  224,  227.  229  230.-232,  324 

;!4.3.  .345 

;uial,v.se.s  of 190.  21(i.  2-30.  3.31 

correlalion  of 171 

Kcm'ral  oliarat-tor  of 172 

ffenoralizcd  section  of 174 

ontcrop  locations,  (by  comities),  170 
Uellam  Station 9.3.  101 


Hematite 10 


! fenilerson 

I[“iolerson  Qnari-y. 
Honey,  f’harle.s  IT., 
Hemlrick’.s  Rnn,  .. 
Ho|iner  quarry.  ... 

1 lerndon 

iles.s.  .Tob 

Hess.  Moses,  

lTes.s  quarry 


70. 


I I . 
78. 


308 

.310 

78 

178 

205 

204 

197 

231 

231 

213 


Pase. 

Hickory  Gorners . 203 

I lickory  Rnn 281 

Hiester  Valley 192 

Hig-giiis.  .Tas..  cited ."41 

Hill.  Oliver 231 

Hillega.s,  I )av(>.  quarry 229 

Hillsville 294.  301 

Hit(‘,  l*eter.  quarry 229 

Hitner.  1 >.  ( ).  mai'bb'  (|narry ,77 

Hoffimin.  Aimer,  quarry 1' 3 

Hoffman  quarry 1''6 

Hog  Island 276 

ITogne.  S.  S..  quarry 285 

Holland  ^Meadows  (|narry 82 

TIollidaysbnrg 23.  221,  224 

Ibdmes.  M.  E..  cited -48 

Honey  Creek 10.5 

Honi'y  Gro\e 184.  18.5 

Hopkins  Rnn 247 

Hornblende 64 

Howard 217 

Howe,  M.  A.,  cited 25 

Howell ville 78.  .81 

Howertown R'l 

Hnft’inan.  Herbert,  ipiarry 212.  21.3 

Hugbesville 21.3-215 

Hnling  Rnn 309 

Huntingdon  Valley ”6 

Hnntsberger.  .1.  I.,  qnarr.v 2 7 

Hyndman 227,  228 

Hypersthene 10>.  04 

I. 

Icki'shnrg 185 

Indian  Ci-eek 263 

Indiana 317 

Industrial  Limestone  Co.,  (|narr.y. 

111.  112.  123 

analyses  of Ill 

Interstate  Limestone  Co 29.8 

Iron  carbonate 14 

Iron  ores .3.3 

Iron  oxidi' 14.  17 

Irwpnns 180.  184 

Irwin 2 7 


.1. 


.Tacksonbnrg  formation.  ..1()8,  113,  110 

.lacksonville 282,  2«5 

.Tack.sonwald,  336 

.Tacoli’s  Creek 265 


Page. 


.Tamison  Run 

V-J 

.Tandorf,  M.  L.,  citi-d,  , . . 

98 

.Tefferson,  

.244,  2 :5 

.lonathans  Run 

■>  14 

.Tohns-Manville  Co.,  (piarry,  . 

SI 

.Tolmson  Limestoni'  Co..  G 

eo.  W.. 

297 

. 298.  8 1 

•Tohnstown 

81  s 

.Tohnstown  (Cement)  limestone. 

208.  270, 

:n,- 

0 82; 

:!24  .82  ; 

analyses  of 

:119 

•Tollvtown  limestone 

.240), 

217.  25  i 

.Tuniata  I^irnestone  (''0..  . 

10' 

K. 

2.5.8 

15 

Kavlor 

809 

Keister,  Shafer.  (|uarrv.  . 

280 

Keith,  Arthur,  cited 

.840 

Ktdlerman.  Iv.  F.,  cited,  . 

20, 

Kelley.  Sylvester,  quarry. 

280 

Korsev 

:i-'0 

Kc.vser  limestone 

. 1 72. 

17.8.  212 

Kigler  quarry 

210 

King  of  Prussia 

section  at 

87 

Kishac-oquillas  ('reek 

105. 

Ki7.  H7 

Kishacoquillas  Valley,  . . . 

. 1 t>5.  1 < > 

Kittanning 

. .80!>.  ;!12 

Kittanning  Valiev 

08 

.885  880 

Kleckn.er's  Gap 

1 17 

Klinger,  I’hilips.  (piarry. 

208 

Knauss  Rrothers 

195 

Knickerbocker  Lime  C()..  . 

> •> 

Kring,  

818 

Kunkletown 

176 

L. 


Laucks.  S.  I'kaa-y,  I'arin 95  ! fS 

analyses  of 95.  9 1 

section  at 95.  9(! 

Lanslilinstown t;04 

Lanrol  Hill.  2tn.  2i:;!-2(;5.  299.  270.  ;tl.S 

Lanrel  Pinn 208.  20H.  81S 

Lavino.  E.  .T.  qn.aiTy .SI 

Lawrence  Liine.st(aic  Co 29S.  299 


Lawrence  Portlaml  Cement  Co..  122.  128. 

13.8 


Leanian  Place.  87 

Lebanoii (J7.  i;>8 

Lebanon  Valle.v 0,8 

Ledyer  dolomite 87 

Lebisli  Cement  Works 114 

Leliinli  Gap 113,  179.  235 

Lehigh  Portland  Cement  (’o 2!  5 

Lemont  Furnace  quarry 200 

Lenn.art  (piarry • l.so 

Lessig.  Samuel 17(! 

Lewisbnrg 194 

Lewistown H!5.  178.  180.  187.  190 

section  at 188-190 

Lewistown  limestone 1S7,  195 

Lewistown-Roeds\  ille  8'rolley  (5i.. 

quarry 19(' 

Lighter  quarry Isp, 

Ligonier  Valley 201,  204 


Tame.  45.  75.  78.  88,  111.  1.89.  220-228 
282.  28.5-2-87.  241,  248.  24-5.  247.  2.58. 

205,  200),  272,  275.  270.  284.  292,  294. 

808.  805,  .809.  811,  818.  818,  819,  822, 

828.  82.5.  .820.  828.  885.  84.8.  .845,  840, 


849 

Illue  Stone  Luiu|) 215 

chemical  uses  of 4S-.55 

comsumption  of ,851 

I)i-eparation  of 55,  ,50 

l)ro(luction  st.atistics 850 

uses  of 45.  .54,  55 

Lime  Riilge 192,212 

I.imestones i;> 


Lancaster 

. .09.  87.  .^9 

Lancaster  County  limestone. 

anal- 

yses  of,  

Lancaster  Valiev 

08 

liandisville 

00 

Lane,  A.  C.,  cited 

25 

Lake  Erie  Limestone  Co..  . . 

.801 

Latr(^(b('.  P>.  IL.  cited,  ... 

837 

Ames,  17.  18.  241,  251.  205,  270>.  277. 


805.  81.8,  820,  821 

Aninille 124.  188 

argillaceous.  15.  IS.  187,  2.80).  287,  2.52 

ballast,  89,  294,  297,  .801,  84.8 

liastaril,  195.  208,  209,  211-214 

Reekmantown.  10.  87,  107,  109.  HI. 

188,  140,  141 

analyses  of 7-4 
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Benezette,  . . . 

326 

Benwood,  244, 

245,  2.52.  253,  266,  272, 

278,  313,  .321 

section  of,  . 

253 

"bird’s  eye,”  , 

212 

Black  River,  . 

164,  166 

Blacksville,  . . 

246,  254 

Bossardvillo,  . 

175,  176 

breccia 

18,  341 

analyses  of. 

341 

Brush  Creek 

( Lower  Cam- 

bridge) , , , . 

276,  305,  313 

Bulger,  

252.  278 

(’alvin  (Colvin’s)  Ruu,  245,  254,  267, 

279 

Cambro-Ordovician,  ,36,  67,  324,  343. 

345 

atmlyse.s  of,  84,  128-131,  1.36, 137. 143, 

153,  160,  161,  163,  165,  168,  169 

chussiiication 

of 106 

tises  of,  . . . 

73 

Carboniferous, 

240-242,  267,  314,  324. 

325,  343 

analyses  of. 

267,  314,  321,  323,  327 

subdivisions 

of 240 

summary  of 329-333 

us(‘,s  of 242 


Carlim,  

156 

( kassewago,  

325 

Chambersburg, 

Cliemnng,  

232 

analyse.?  of.  . . 

ooo 

Cherry  Ridge,  . . 

2.33 

anal.yses  of,  . . 

233 

cherty,  

• )OT 

Clarksburg, 

271 . 276,  277 

Claysville 

258 

327 

color  of,  

17,33 

composition  oF.  . . 

13 

concrete 

39.  294,  343 

( ’onestoga,  

76.87 

Conococheague.  . 

, . .107.  109.  110,  1.38 

I iinsmore 

252,  278 

dolomitic,  

29,45 

Donley 

258 

Elbrook,  

138 

Elk  Lick, 

. . .271.  276,  277,  321 

Ferriferous 

Pagu; 

fetid  (“stiuk  stone"),  19,  87,  107,  IW), 
111,  138,  140,  141 


tiller 39 

Fish  Creek 248 


Fishi)ot, 251,  252,  2(5(>,  271,  277 

flux,  40.  78,  89,  109,  110,  139,  150, 
151.  162,  221,  226,  232,  238,  253, 
265,  281,  292,  297,  299,  300-302,  308- 

311,  344 

Franklin 63-65,  124 

Great  Valley,  132 

Greenbrier,  17,  IS,  241,  26.3,  269,  270. 

272 

section  of 2(>-> 

H:unilton 184,  187 

hardnes.s 17 

Ilelderherg,  (see  llelderberg) 
.Tolmstown  (Cement),  263,  270,  318. 

.322,  324-326 

analyses  of,  319 

.rollytown,  246,  247,  2.56 

Keyset- 172,  173,  212 

Lewistown 187, 195 

Little  Clarksburg,  251 

Lower  Freeport,  264,  276,  279,  304, 
311,  319,  322,  32.5,  .326 

analyses  of,  319,  .324 

Lower  Meadtille  (Marvin 

Creek) 32.5,  .327 

Lower  Pittsburgh, 251,276 

Lower  Wasiiington 246,  2,54 

section  of,  254 

Lowville 156, 166 

Loyalhanna,  261,  262,  269,  316,  .317, 

.324 

McKenzie 2.38 

magnesian,  ..26,  29,  30,  45,  122,  2.37 

Mercer 274,  307 

Lower,  280,281 

T 'Pper 280-282 

Middle  IVashington,  246,255 

section  of 2.5.5 

Mountain 263 

Mount  Morris, 245,  2.54,  267,  279 

Nineveh,  248,259 

oolitic,  94 

organic  agencies,  21 

origin  of,  .20 

Pine  Creek  ( Ciiper  Cjimbridge) , 

276,  277.  305 

Pittsburgh,  313,  .321 
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l»)a.sUT,  14o 

pre-Cambrian G1 

Pro.sperity -58 

Kwlstone,  :.!51,  l!ti5,  277 

.analysis  <if 2GG 

region.al  cliaracicristics .32 

resources  of 57 

Ribbon,  177 

road  metal,  •!7,  2!)2.  2G4.  34.3 

Rodman,  15G 

shaly,  IS 

Slieiiandoab..  7G,  140 

Shriver 23S 


siliceous 14.  317,  327 

specific  j^ravity  of 37 

Stones  River 138-141 

structure IS 


tests  of .37-3!) 

texture,  17 

Tomstown lOG,  lof).  138.  140 

Tonoloway,  .57.  .5S.  170,  172,  107,  lOtl 
208,  209,  211-213 

Trenton,  1.50,  15G.  1G4.  IGG 

Triassic .334.  3.35,  .3.38 

Tnlly 2.34-2.3G,  2.30 


rpper  Freeport,  242.  264,  270.  27G. 
270,  .30.5,  30G.  311-313,  .310.  .320. 

,3’^2-.32i  > 


s,>ction  of 312,  .313.  320 

Upper  Kittannins,  2G3 

Upper  Meailville 325 

Upper  Washinfi'toii,  . ,24G.  247.  2.5:'-25S 
analyses  of,  2.5S 


Paice. 

Little  Co\e 23s 

Little  .Juniata  Ri\er  Valley 150 

Little  Scrubgi-ass  Creek,  2S4.  201 

Little  3!'rough  Creek  I'alley,  ....  272 

Lititz  Spring- 87 

Littlesto-wn !tl 

Lock  Haven 217.328 

Lock  iMountain 221 

Logan  Iron  Steel  Co lOti.  l!IO 

Logan's  qu.-irry 05 

Loop  iMoniitaiii 221 

Lost  Creek  Valley,  18G.  187 


Lowe  Brothers'  quarry 212 

I,.ower  Cambridge  (Brusli  Creek) 

limestone 27G.  305.  313 

Lower  Freepoi-t  limestone,  2G4.  27G.  270. 

304.  311.  31!».  322.  325.  320 

analyses  of 310.324 

Lower  Mcad\ille  (Marvin  Creek) 

limestone 325.  327 

Lower  Pittsburgh  limestone 251,  27<; 

Lower  Washington  limestone,  . .24G.  254 

section  of 254 

Lower  Wnrtemburg  (IMereer)  lime- 
stone,   274.  ;i07 

Lowvillo  limestone 15G.  1 0(1 

Loyalhanna  Creek 2G1,  2G3.  317 

Loyalliann.-i  (Siliceous)  limestone. 

2G1,  2G2.  269,  31G,  317.  324 
Lukens  quarry 78 


M. 


section  of,  

Uniontown,  ...252,  2GG,  271.  '272. 

section  of,  

uses  of,  .33,  35,  37,  45-47,  73.  88, 
OS,  109,  1.39.  140,  155.  IGO.  1G4. 

174,  224,  279. 


2.5")  Mc.Vfei' 

278  McAllisterville 

253  McClure.  A.  M.,  qii.-ii-jy. 

97,  Mct.'onnell  quarr,\- 

1G8,  IfcConneirs  ('o\-c 

292  McConnelLsburg,  


123 
184,  ISO 
220 
21 G 
1G8 
1)18 


Vanport  (.see  Vanport) 

tVayneshoro 

McConnellsburg  ( 'o\  e 

141 

1.38 

Mc(.'onnellstown 

“lil 

IV.-ivnc.sburg '’-!5. 

2.54.  -'(H.  279 

Mc('ourtnev  Run,  

....  "47 

we  ithering  of 

31 

Mc(  'o  V quarry,  .... 

71t 

W(dlersbu  rg 

"71 

McCovsxi  lie 

....  184 

Windy  (lap 

248 

fnrnnco 

Limestone  Prodneis  ('o..  .. 

105 

McHonald  Run 

"83  "84 

section  ;it 

Limestone  Ri<lge 

107.  10!).  208 

IfcU.-irran,  .Tames,  (inarrv,  . . 

. . . ""0 

Limestonevilb' 

197 

M(‘T\oo  On)) 

•“'1 

Linnmite 17.  .34.  74.  7 

7.  79.  07.  308 

McKees  ll.-ilf  Falls 

....  101 

Lisiiurn 

33‘! 

Mcdxeesjioi’t 

....  "70 

Little  ( ’larksbui'g  limestone 

251 

McKenzie  limi'stoiM' 

....  "riS 

I’age. 


I’aye. 

-McKiimey  Steel  ('o.,  1G2 

McMahon,  Win.,  quarry,  !ill 

McMiirray  Run, 281),  21)0 

!McVey  quarry 179,  183 

•section  at 18.3 

McVeytown,  187, 1!)1 

Magnesia,  40 

iMagnesian  salts,  29 

Magnesium, . . . .29.  30,  40 

Magnesium  carbonate,  R!,  20.  21.  29,  70 

Magnesite,  13 

Magnetite, 10,  34,  04,  00 

Magsam,  George 1<)9 

jMahoning  Creek,  234,  308,  309 

Mahoning  Limesteme  (..'o 302 

Maitland,  187 

Maitland  Gai) 390 

Mammoth  Hot  Siirings  (Yellow- 
stone I*ark) 2o 


Mercer  (Lower  Wurtemliurg)  lime- 


stone  274,  307 

I,iower 280,  281 

Uiqier, 280-282 

Mercershurg, 140,141 

Merrill,  G.  1',,  cited, 337 

Merion  Lime  & Stone  Co.,  79 

Merrittstown 207 

Mexico,  184, 185 

Meyersdale 271 

Mica,  39, 00 

Michigan  City 48 

Midland  quarry 301 

Middleburg,  191,192 

Middle  Washington  limestone,  ..240,255 

section  of,  255 

Mitllinburg, 194,195 

Mitllin  County  Lime  & Stone  Co.,  190 

Mitllintowu,  184,180 


Mandata, 204  Milesburg 

Manganese,  33,34  Milhird,  11.11,  cited,  . 

Manns  Choice,  229  Miller,  Amos,  qnai-ry, 

Maniteau,  287,290  Miller,  R.  L.,  cited,  . 

Mansfield,  232  Miller,  J.  P.,  (iiiarrj% 

-Maple  Uill, 210  section  at 

Mapleti)!! 173,217,221  Millheim, 

section  at 217-220  Mill  Lane,  


Marble,  18,  30,  31.  35.  39,  Ol-tiO.  70,  73,  Millport, 
70-78.  81,  87,  93,  JOl,  1-12,  144.  147,  Millview, 


343  section  at 

Chester  Valley 77  Mineral  Point 

Cockeysville 05  Alilton 

analyses  of 00  iMonaca 

dolomitic,  79  Mono{aicy  Creek,  

oi’igin  of, 30  Monocac.v  Stone  Co.,  quarry, 

Potomac,  334  anal.yses  of 

analyses  of 335  Monongahela  Wdley 

uses  of,  35  Montandon 

Marble  Hall 77,  78  IMontgomery 

Marcasite,  17  Montgomery  Island.  

iMarl 25,  40  Montonrsx  ille 


217 

133 

228 

01 

. . .195, 19(i 

190 

152 

...  78,82 

145 

. . . . 233 

. . .233,  234 

317 

. . .1<)7, 199 
. . .275,  270 

05, 123 

. .123-  124 

124 

245 

197 

210 


.214,  215 


algal. 


25  Morayia, 


300 


Marsh  Run 337 

Marticvilh' 89 

Mai'tin.sburg  formation 108 

Martz,  .Tohn 230 

Mausdale,  211 

Manser.  Alonzo, 209 

Meadow  Run 244 

Mechanicsvillo 284.  288,  310 

Mercer,  304 


Morgan,  R.  G 283 

Morrison  Cc>ve 104 

Moser  (!c  Schultz  (piarries,  209 

Moscpiito  Valley 143.  144 

Mount  Jadvson,  281 

IMotint  Jo.y,  89 

Mount  Joy  Magnesia  Co.,  89 

Mount  Morris  limestone,  245,254,207,279 

Mount  Union 187.221 


Pagv. 

Mount  Wheeler 

257 

Page. 

Mountain  limestone,  . 

2(i3 

0;ikgro\  e 

180,  182 

■Moxliam,  

:119 

Oiik  Hall  Lime  A Stone  Co. 

152 

282 

Ochre,  

34,  39 

Muilily  Run 

244 

Odell,  

257 

2i:! 

Offett,  X.  A 

303 

291 

Ohiopvle 

2<H 

Museonte,  

OKI  Lehigh  Cement  Works, 

114 

101 

Olivet,  

31.3 

Mvers  Hill,  

Olivine,  

10 

i:i’-i:i4 

Onyx  (cave) 

.27,  109,  1.34 

Oolite,  

. . . 18,  20,  30 

X. 

Orbisonia 

Orchard  (inarrv 

89 

Xaginey 

ftrthoclase 

Xapier,  

229 

•’8.3  '284 

Xational  Limestone  ( 

-'o.. 

lot;,  107 

O.scar,  

312 

Xatural  (Rosemlale 

or 

Roman) 

O\ertlowing  Run 

247 

cement,  

. . .41.  115,  141 

X'azareth,  

122,  124 

P. 

Xazaretli  Cement  Co.. 

l-’4 

Xegro  Mountain 

. .2fi!).  2711,  271 

Painterswille 

187,  191 

X evermore 

231 

Palmer  Lime  A Cement  Co., 

93, 101 

Xeversiiik,  

33t; 

l*aliiierton 

230 

Xevin's  (luarrv 

Of. 

I’iilmyra 

X'ew  Athens,  

313 

Parker,  Win.,  qiiarrv,  

287 

Xew  Italtiniore  Lime 

Co., 

229 

I’arker's  Latnling 

28.3.  287,  290 

Xew  Rethlehem 

309 

]\‘n*keshnr‘2' 

7.'. 

X'ew  l.loomtiehi 

180,  181 

Parner,  Rumbaugh  A Kaufman 

Xew  Brighton,  

275 

quarrirs 

182 

Xew  Ca.stle 294, 

295. 

297,  298,  301 

i’arryville 

109 

Xew  Castle  Port  land 

( 'einent  < 'o..  28.5 

I’arrvville  Iron  Co 

lOJ) 

Xew  Cumberland.  . . . 

142,  330 

Ptitterson  llruthers 

lt» 

Xew  Holland 

Payne 

Xew  Hope,  

74 

Peck  (juarrv 

270 

Xew  .Tersev  Zinc  Cn.. 

109 

Pegmatites 

. . . fU 

X'ew  Lancaster  Valiev.  . . 

105 

I’enn  Allen  t'l. 

119 

X'ewport,  

29, S 

Penn-Allen  Portland  t’ement 

Oo..  123 

Xew  Scotland  limestone. 

172.  173 

Penns  Valiev 

14!) 

X'ew  Salem,  

.310 

Ponnsvlvani.'i  t'emeiit  Co.,  . 

T ‘>‘> 

X'ewton  Hamilton.  . . 

237 

Pennsylvania  Olay  Products 

Cn..  :io9 

X'ewville 

140,  142 

Pennsylvania  Lime  A Stone 

Oo..  191 

Nichola,  3<I9  I’ericlasu,  It; 

Xiggerheads 198,215  I’erryville 32.‘! 


Xiueveli  liiiicstoni' 248.  259 

Xipitenose  Vall.  y,  :!2,  14:’..  145.  149,  149 
X'ittany  Valle.v.  :;2.  14.‘!.  147.  149.  1.5:!. 
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Xortliainptoii 119 

XorHuitnborlainl 197 


I’eru  IMills 

Petersburg 

I’fuutz  Valiev.  . 

184.2.37 

179, 182 

section  at.  . . 

182,18:! 

Philadelphia  A 

Reading  Coal  A 

Iron  ( . . 

21 1 

864 


I’agu. 

PliUlips,  Elias,  quarr.v, 203 

Phillips,  Wm.,  103,  1!)4,  203 

Phillis  Island,  275 

Phlogopite,  10,  63,  06,  70 

Pine  Creek 214,308,310 

Pine  Creek  (Upper  Cambridge) 

limestone,  270,277,305 

Pine  Furnace 308.310 

Pinehill,  271 

Pine  Top,  123 

Pisolite,  18 

Pittsburgh 270 

Pittsburgh  limestone,  313,321 

Pittsburgh  Limestone  Company,  150,  161, 

102,  282,  284.  2S5,  280,  200,  300 

Plagioclase 04 

Plaingrove,  303 

Platt,  Franklin,  cited l li.  233.  317 

Pleasant  Gap,  151 

Pleasant  Grove 258 

Ple,a.s, ant  Hill,  .305 

Pleasant  View,  184 

I’lyinouth  Meeting 75,  78.  70.  81 

Pomero.v,  715.  70 

Porters vi lie  Station 285.  288.  205 

Portland  cement,  15,  25,  42,  72.  73.  SS, 
108,  111,  113,  114,  115,  119,  122, 
120.  2.3S.  242,  250,  292.  205,  308. 

344.  345,  .340 


Quarry  methods, 
Quarryville,  . . . 
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125 

.08.  75.  70,  80 
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Eaecoon  Creek 270 

Raccoon  Valley,  170 

Radel,  Elmer,  qutu-ry,  203 

Rambo  quarry,  70 

Rank,  W.  B 231 

Rasselas,  320 

section  of  Vanpoid  limestone 

near 320 

Rea,  J.  M 313 

Reading,  07.  100,  335.  330 

Redbank  Creek 308,  300,  322 

Redington 110 

Redstone  limestone 251.  205,  277 

analysis  of 26(> 

Reeiler  quarry 21fi. 

Reed.sville 105, 107, 190 

Reeside,  .Tohn  P>..  .Tr..  eiti'd.  170,  180. 

188.  204.  210.  217.  221 

Reiinick,  Clyde,  (piarry 285 

Resourees 57 

Ril)l)Ou  limestone 177 

Richfield,  184.191 

Richmond 317 


manufacture.  

production  statistics,  . . 

Port  Keuuod.y 

Pert  Royal 

Potomac  marble.  334.  .330. 

Jinalyse.s  of 

occurrences  of 

Potteiger,  Irvin 

Production  statistics 

Pre-Cambrian  limestone.  . 
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349 

70.  78.  81 

184, 185 

338.  340,  343 

335 

3.34 

10.3 

.340 

01 


Prosperit.y 

Prosi)crit.v  limestone 

l^ulverixcd  limestone 

Punxsutawney  Iron  Co 

Purman  Run 

Pursle.v  Creek 

Putneyvillo,  

Pyritc 14,  10,  17.  35. 

P.vroxenes 


258 

344 

.300 

247 

247 

. . ..300.  310 
60.  70,  04 
10 
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Quartz 14.  35.  04.  76,  110 

Quartzite 337 

Cliickies 92 


Rico 321 

Riddle,  W.  N.,  (piarry 288 

Riegelsville,  74 

Rimerton 2>00 

Roberts  Run 247 

Rolnnsou 302 

Robinson.  IV.  E 280 

Rocky  Ridge 238 

Roeky  Spring  cove 141 

Rodman  limestone 150 

Rogers,  II.  D.,  cited 145 

Rogersville 244.  248 

Rose  Point,  205,303 

Rose  Point  Limestone  ('o 303 

Rough  Run 282 

Ruby,  10 

Ruff  Creek 247 

Ruhl,  C.  R„  195 

Rupert,  212 

Ru.ssell  quarry,  211 

RiRile,  16 

Ryerson  Station,  240 

section  at 240 
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St.  Clair  Limestone  Co 

326 

biliea,  

Siliceous  liiuestuiii*,  

317 

147 

Sih'cr 

:i4 

Saiulerson,  John,  ijuairy 

286 

Simpson,  C.  -J 

21K> 

Sandstone,  calcareous 

14 

Simpson,  Isaac,  qnarr.i . . . 

317,  318 

!)S 

Sinking  I'allev 

153 

313 

Sintering  stone,  

202 

220 

Sistcrsvillo 

313 

238 

Slabtown,  

238 

Slag  (or  pnzy.olaii)  eemeni. 

41 

.124,  176 

Slagle  (|uarrv,  

186 

Scalp  I.evel 

318 

Slate 

30 

Scapolite,  

. . 16,  63 

Slate  Lick 

313 

2.77 

Sligo 

311 

Sclioenlierger 

160 

Sliiipery  Itock  Creek,  281. 

2.S3.  28.7-280 

336 

Slippcrv  Kock  Yallev,  . . . . 

282 

Sclnvever  quarry 

81 

Smith,  C.  E.,  ipiarry,  . . . . 

280, 

Scotland  quarry,  

.141,  142 

Smith,  N.  11..  cited 

26 

142 

Snow  Shoe  Basin,  

325 

Scrubgrass  Creek 

308 

section  at 

103 

287 

Snvder.  .lacoh,  iiuam  . . . . 

28ti 

Seislioltzville 

64 

Somerset 

270 

Selinsgrove  .Tnnetion,  173,  11)1. 

2U0,  234 

Somerton,  

76 

section  at 

.200-203 

South  Bethlehem,  

300 

70.  10(i 

South  lUuiville,  

107 

in 

South  Fork,  

.:!17,  318.  320 

Sliainliue  quarry 

. . 78,70 

Sjiarta 

257 

Shale,  

. .30.  213 

Sphalerite 

Hi,  213 

1.7 

S^MUi^'es 

2.3 

87 

S[>ragii's,  

247 

310 

Spriiiii'dell 

6.7 

Shawnee 

177 

Springfield 

2tH,  301 

Shciianiloah  liinesinn(> <(>.  140  Sin-ing  ^lills. 


Slienandoah  Valley, 


6N  Siiuirrcl  Hill. 


15L‘ 

.:4ii,3i;i 


Shenango  Limestone  Co.. 

207 

Stahl.  1 >.  .1.,  (lu.-irrv,  ... 

102 

170,183 

section  at,  

102 

311 

Stahu'tites 

27 

ShieldxS,  II..  (juarrv,  . . . 

280 

Stalagmites 

27 

ShipjH^nsburg',  

142 

Steacv-\\'i!t(Ui  (^o.,  

100.  102 

Shippingport 

275 

Steelton 

67.  132. 134 

Sliirleysburg 

221 

Steiiltmanu,  T].,  cited,  . . 

14 

Short  Creek 

257 

Stenger.  C.  II.,  

160 

Short  Mountain 

001 

300 

Showers  quarrv 

107 

Steulieii’s  .Switch,  

72 

Shrcxlers  Station 

167 

Stevenson.  .1.  .1..  cited,  . 

220.  23k 

Shriver  limestone 

2.38 

16 

Siderite 

Stock.  .John 

Siebering  quarrv.  

214 

208 

Siegfried 

100 

140 

Siegfrieds  Bridge 

113 

Stone  ITou.se,  

308,  310 

Stoner  Station 

.section  at 

Stouersville,  

.Stones  River  limestone.  . 

.Stony  Creek 

.Stony  Ridge,  

Stormville,  

.Stoufferstown 

.Strawberry  Ridge 

Strieker  quarry 

Strodes  Mills,  

Rage. 

102 

102 

330 

179 

176-178 

140 

209 

211 

187 

Stroudsburg 

235 

.Studebaker,  J.  R..  quarry. 

285 

Stump  Creek 

323 

.Sugar  Creek,  

309 

.Sugar  Valley,  143, 

140.  149,  152 

.Sullivan  Estate,  quarry.  . 

28  :l 

.Sulphur,  

10 

Summer  quarry,  

212 

.Sunburv,  

197,  200 

Susquehanna  Stone  Co.,  . 

208 

.Swatara  Water  (lap 

178. 179 

Swarts,  

248 

.section  at, 

248 

.Swengel 

.Stvlolites 

T. 


Talc 15,3!) 

'J'aylor  Run 303 

Templeton  Limestone  Co 310 

Tenmile  Creek,  241-347,257 

Thomas,  R.  R..  (piarry 287 

Thomas,  W.,  quarry 289 

Thomasville,  92,93,  100 

Thomasville  Stone  & lame  Co.,  . .94,100 

Thoma.sville  quarries 98.  99 

Thompson,  M.  A.,  290 

'rhompson  quarry 203.  225 

Thompsoiitown,  184 

Three  and  Four,  251 

Thropp,  Joseph  E.,  quarry 104 

Thurmont,  340 

Titanite,  10, 03 

Toby  Run 320 


Tomstown  limestone.  100.  109.  110.  1.38. 
140 

Tonoloway  limestone.  57,  58,  170,  172, 
197,  199,  208,  209,  211-213 

Tourmaline 00 

Travertine 25,  27,  134 

Trea.ster  Valley,  105 


Tremolile 

Trenton  limestone, 

analyses  of, 

Tria.ssie  lime.stone,  , 

Trout  Run 

Tub  Mill  Run,  . . . . 
Tufa,  

Rage. 

15,31 

125.  1,5(».  150,  164. 

160 

125 

334,  335,  338 

63 

264,  205 

27 

Tully  limestone,  . . 

234-236.  239 

Turl)ot\ille 

197 

Turgite 

17 

Turki'v  Ridge,  

182 

Tuscarora  Creek,  . . 

184, 185 

Tnscarora  Valiev,  . 

185,  237 

Tvi’one,  

,.150.  172.  173,  221 

section  at 

U. 


Umber,  

34 

Umpstead  quarry 

209 

liniou  Furnace,  

1 uiion  Limestone  C'o 

301 

Union  iSLlls 

107 

Unioiitown 

Unio)itown  limestone.  252. 

206.  271,  272. 

278 

sectioji  of,  

2.53 

Union  Valiev,  

298 

Unionville 

217,  237 

Upland 

Upjier  Cambridge  (Fine 

Creek ) 

limestone,  

, .276,  277,  305 

Iqqx'r  Freeport  limestone. 

242,  2<34,  270. 

270,  27!),  .305,  300. 

311-313,  319. 

320,  322-326 

section  of,  

...312,  313,  3 0 

Upper  Kittanning  limestone 263 

Upper  Meadville,  

325 

Upper  IVashington  limestone.  246,  247, 

256-258 

aiialvscs  of 

258 

256 

Urban 

. . 197,  203,  204 

V. 


Valentine,  A.  C 228 

X'alley  Coal  & Stone  t'o.,  318 

alley  Creek 82 

Valle.v  Forge 76 

Vauartsclalen  (piarry,  63, 64 

\5ineeville 251 


I’jigc. 


1‘aL 


Vanpoit,  -i-a 

Vaiiporl  (Fen-it'uruus,  ('k'rniont) 

limestone,  1!S,  57,  241,  242,  27U,  272, 
274,  275,  271».  2.S1,  282,  2!)1,  202, 
204,  205-207,  208,  ;j()U-:!n4.  O.iii-MlO, 
317,  322,  324-327,  344,  345 

aiialyse.s  of 27ti,  3H4 

(•ro.ss  ,sectioiis  of 203 

section  of,  275,  27H,  31'1  32o 

Vaughn,  T,  W.,  dted 2ti 

Vesuvianite If' 

Vintage,  

Vintage  dolomite 8li.  87 


\V. 


Wagner,  

Walker,  ,Samuel,  (pmrry 28i),  280 

Walpack  ((lodfre.v's)  iddge,  ...170.235 

Walton  quarry,  141 

analy,sis  of 1~H 

Wampum 305,  200 

Warfordsburg 3.11 

M'arner  Co,,  Charles,  ,..70,  83.  83.  1.51 

Warrior  liidge 3.10 

WiLshington 3.>1,  253-257 

Washington  .1 unction  Stone  Co..  340 

Wash ingtonvi lie 308.  200 

Waterloo 

IVater  Street 10 

Wayne  Iron  Works .103 

Wayne-sboro,  113 

Waynesboro  liinestone, 138 

Wayn&sburg 244.  240.  24 1 

Wayne.sburg  limestone,  24.5,  2.54.  2(i7.  270 

Weaversville '32 

Weigel,  W.  M„  cited 40 

Weimer,  George,  quarry,  280 

Wellersburg  limestone 271 

Welty’s  quarrie.s 335 

West  Branch  Lime  Co 215 

West  Creek 330 

Westgrove,  00 

West  I’ittsburgli 207 

West  Winfield 285.  308 

Wheeler,  W.  C„  cited 21.  23 


White.  I.  C„  cited,  174.  220.  235.  237. 

2.30 


White  clay 30 

White  Clay  Creek  Valley 0.5,  60 

White  Deer  Ridge,  216 

White  Deer  Valley.  ..104,  21.3.  214,  216 


\\4iite  t)ak  Run 204 

White  Rock  i[uarries 151 

ll'hitehall  I'ortland  ( 'ennmt  Co.,  133 

Whiteley  Creek 245 

Wildcat  Ritlge '8.1 

Wilke.s-B.irre 32,8 

Williams 70 

Williamsburg 153,  Itil 

Williamsport 144,  214 

Williamsport  Stone  Co 3(.)8 

Williiunson ; '30 

IVilliamson  ([uarries '0i 

Willow  Gro\e 

ilsham,  .losiqili 140 

Wilson,  llciuy.  quarry 280 

Wilson.  Mrs.  II.  M 30.1 

M’indy  Gap  limestone 248 

Winfield,  RG-  R'O.  10 1 

section  at 107 

Winfield  Sand  t 'o >00 

Winton  Construction  Co 2(t0,  210 

IVisecarver  Run 34 1 

Witberui).  M'm.,  <iuarry 388 

Witmer 370,  277 

Wolf  Creek 282.  283.  280.  280 

Wollastonite 1*' 

Woolen  Mills 167 

Wollett.  .John  S.,  quarry 330 

IVooley  qtmrry 312 

Wortlrville 323 

Wri.ght,  Arthur .302 

Wriglitsville 01.  103,  08,  102 

Wrightsville  .Stone  A Lime  Co.,  102 
Wurtemburg 381 


V. 


Yellow  llreeelies  t.'reek >.!C> 

Yerg,  A.  1’..  iimirry 107.10.8 

section  at lO*! 

Yerkas  (iimrry,  78 

York,  68.  02.  05.  06,  08,  101 

analyses  of,  O'*.  "6 

section  ;it,  05. 0.1 

Yoidv  County  limestone,  103 

analyses  of lOo-lOo 

York  Stone  & Supply  Co.,  101 

section  :it R" 

York  Valley 68.  02,  04,  07 

York  Vttlley  Lime  & Stone  Co.,  . .03,  101 

Yongliioglieiiy  G;ip 3til 
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Zeolimaii 
section 
Zinc,  . . 


Z. 
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quarry 192  Zincblende 248 

at,  192  Zoisite,  16 

33  Zollarsville 251 
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